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INTRODUCTION 

No acute infectious disease has been studied vath greater intensity 
in its various aspects than acute antenor poliomyelitis and yet, despite 
the impressive body of data tliat has accumulated, a serious degree of 
confusion remains present in regard to its pathogenesis, its route of 
entry' into the central nerv'ous system, its mode of propagation and the 
reasons for its curious predilection for the antenor horns of the spinal 
cord For orcr twenty years, it has been possible to reproduce the 
disea'^e in all its essential features at will in experimental animals and 
tlie conditions of such reproduction and the effects of the disease in 
them are knov. n nitli satisfactorj* clearness in many details The 
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general nature and charactensbcs of tlie virus and its distribution in 
the tissues, even in man, are also known fairly well The confusion 
referred to largely concerns the application of the laboratory work to 
the interpretation of the pathology and clinical symptomatology in 
man, and particularly the widely accepted assumption that in its 
earlier hours there is, preceding invasion of the central nervous sys- 
tem, a period of “systemic,” or “general,” extranervous infection, 
which makes poliomyelitis comparable to various other “general” 
infections, such as typhoid fever and influenza The assumption was 
made by such important early students of the disease as Wickman 
(104) and Harbitz and Scheel (SO), but it was not until the strong 
advocacy and elaboration of the hypothesis by Peabody, Draper and 
Dochez (86) m the Rockefeller Monograph on poliomyelitis and a few 
jears later by Draper in his “Acute Poliomyelitis” (19) that it became 
established in the minds of the medical profession as a basic feature of 
the development of the disease, strongly colonng opinion on such vital 
points as the epidermology, early diagnosis, prognosis and treatment 
For example, it has led to the belief that pohomyelibs need not affect 
the central nervous system at all, that the so-called abortive or masked 
cases are mdistingmshable from common, minor infections of other 
kinds, that the appearance of the so-called meningeal signs (stiff 
neck, Kemig sign, etc ) marks the moment when invasion of the cen- 
tral nervous system occurs, that treatment given before this time may 
prevent any invasion of the central nervous system, and that treat- 
ment so given offers the chief, perhaps the only, hope of benefit 
Draper, indeed, in the introduction to his book went so far as to say 
“It IS designed to develop the idea that acute poliomyelitis is a gen- 
eral infectious disease, in the course of which paralysis is but an 
accidental and incidental occurrence ” This idea, apparently still 
held by Draper (20), and perhaps generally, involves the assumption 
of a particular mechanism by which the virus of the disease reaches 
the central nervous system from “systemic” sources It will be of 
interest to consider the basis of this hypothesis of initial “systemic” 
infection, and of the hypothesis which is now supplanting it 

"Systetme” propagation 

Wickman (104) postulated a spread by way of the “lymphatics ” 
By this term he apparently meant the perivascular spaces of Virchow- 
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Robin, without perhaps appreciating the fact— since then more fully 
studied (Weed (102), Dandy and Blackfan (17))— that the commum- 
cations between the lymphatics of the body and their analogues in the 
central nervous system are so slight as to make them essentially in- 
dependent systems Harbitz and Scheel (50) called attention to the 
difficulty in explainmg the far-flung simultaneous lesions in the 
central nervous system by spread through the relatively short 
“lymphatic” spaces They say 

Attractive as this theory may be, it is not, however, entirely adequate, 
we should have to expect a relatively patent and communicatmg path of in- 
fection along the vessel sheaths in the entire length of the spmal cord We 
know, however, that tlie arteries are end-artenes and their vessel sheaths, 
therefore, do not commumcate The capillary vessels, on the other hand, 
form an interconnected netw-ork, but their sheaths must be regarded as too 
complicated a labjninth for them to serve as a path of distribution for so 
rapidly traveling an inflammation, m any case propagation would have to 
take place in tlie sheaths of the veins, since these also anastomose, at least 
the larger branches But the longitudinal anastomoses are hardly abun- 
dantly enough present and, in especial, never attain, according to Kadyi, a 
\ cry great length and in any case such a manner of propagation w ould 

not explain how the infiltration can accompany a penpheral artenal branch 
into tlie cord substance until it loses itself in the temunal branches and then 
disappear, as we have shown 

Ilarbitz and Sclicel submitted that it was “more natural to assume 
that the inflammation follows the surface and thence invades in- 
wards”, that the pia may be first affected anywhere, thence rapidly 
infect the entire cerebrospinal fluid, and so cause an infection of the 
entire nervous s\ stem through the communicating penvascular spaces 
The initial source of the infection is relatively unimportant, “whether 
from without tlirough a l>’mphogenous channel, or hematogenously, 
or indirectly from a focus in the nervous substance ” 

Tliis tlicory of spread through the subarachnoid space (“pial 
surface”) obtained wide acceptance and, though in a much restneted 
sense, may be said still to hold today. Thus, Flexner (29) stated in 
1912 that “the virus ascends by the nerves of smell to the brain, 
where It then multiplies in and about the olfactory lobes and, m time, 
passes, as I bclicxc, into tlie cerebrospinal fluid which carries it to all 
parts of the nervous si stem ” Experimental work has, since then, 
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given a certain amount of support to tbis hypothesis Virus has been 
occasionally, though quite exceptionally, found in the cerebrospinal 
fluid in animals inoculated mtracerebrally, and it was established by 
Clark and Amoss (12) and frequently confirmed that direct inocula- 
tion into the subarachnoid space produces the disease, though with 
less regularity, than mtracerebral moculation (Fleimer and Amoss 
(32)) It has even on occasions (Hurst (58)) been detected m the 
spmal flmd, comparatively late m the mfection when little question of 
technical error existed However, the objections to this mode of 
propagation as the mam or primary one are many and serious Per- 
haps, the strongest objection is the fact that virus has never been 
detected in human spinal fluid, despite many efforts made during the 
acute and early stages of the disease The vahdity of the occasional 
early detection of virus m the spinal fluid of ammals mtracerebrally 
inoculated has been seriously shaken by the observation by Fairbrother 
and Hurst (26) that without the greatest precautions the needle can 
easily reach the lateral ventncle, whence of course it will withm a very 
short time appear in the subarachnoid space How rapidly this may 
occur was, curiously enough, indicated by the protocol of an experi- 
ment, some years previously, by Clark, Fraser and Amoss (13), who, 
placmg a needle m the lumbar cistern, then made an mtracerebral 
inoculation and recovered bloody, turbid fluid from the lumbar needle 
two and one-half minutes later While it has been shown that when 
virus IS directly injected into the subarachnoid space it disappears 
within a comparatively short time (12), before the onset of symptoms, 
this IS not positive evidence that the natural mfection occurs by this 
route, but merely negative evidence, offenng a possible explanation of 
the absence of virus m human spinal fluid at the time of active s>'mp- 
toms ‘ 

' Another argument against primary spread of poliomyelitic vims through the cerebro 
spmal fluid IS the direction of flow in the subarachnoid space at the base of the brain This 
IS from behmd fornard and upward In a recent case (personal observation) of epidemic 
raenmgitis, the relative amounts and density of the purulent deposits at diflerent pomts 
in the subarachnoid space showed that the mfection had probably entered through the 
cribriform plate below the olfactory bulb and had progressed forward and upward, along 
the antenor poles of the frontal lobes, m the longitudinal fissure anteriorly, and then bad 
ward and downward over the surfaces of the frontal, parietal and temporal lobes In 
pohomj eUtis, on the contrary, as will be presently shown, the roost antenor portions of the 
brain (frontal lobes) ate rarely if ever involved, and the heaviest iniolvement is seen 
fostmor to the olfactory bulbs at the base that is, in a direction opposite to that of the 
subarachnoid current 
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The thesis of initial blood stream invasion and secondary penetra- 
tion of the meningo-choroid barrier has been so heavily emphasized 
by Draper and his followers, based on the experiments of Flexner and 
Amoss (31, 33), as a mechanism by which the initial “systemic” in- 
fection is converted into an infection of the nervous tissues proper 
that the grounds for it must be examined First, it postulates the 
occurrence m the human disease of a preliminary invasion of the blood 
stream, second it postulates an injury to the choroid plexus and vas- 
cular portions of the meninges, third, it postulates a general invasion 
of the nervous system through the injured vessels either directly or 
by way of the cerebrospinal fluid 

In man, virus has never been demonstrated m the blood, nor in the 
monkey save briefly after large intravascular injections Invasion of 
the cerebrospinal fluid and nervous tissues is produced with the great- 
est possible difficulty by way of the blood stream The subject has 
been studied by Flexner and Amoss with great care, they foimd that 
the dosage necessary by this route is approximately 1250 times (31) 
that for direct nervous routes, and even then the incubation period 
was much delayed It was found (32) that when mild irritations 
were applied to the meninges, the dosage required was much less — 
about SO times that for the direct nervous route This raised the 
question whether such an imtation rmght explain the entrance in man 
of virus from the blood stream into the central nervous system Flex- 
ner and Amoss’s comments and conclusions here are of great interest 
They say (32) 

However, m certain instances, the lesions present not only resemble those 
caused, by the intraneural modes of inoculation, but differ from them in the 
extent and degree to which the blood vessels, and especially those in the 
medulla and pons, are affected While the degree of perivascular mfiltra- 
tion does not afford a basis of discnmination, a sharp distinction may be 
drawn between the usual degree of vascular involvement, and the unusual 
extent in which it occurred m several cases of intravenous injection 
Vessels so greatly altered as those under consideration may be considered as 
contnbutmg to the permeation of virus from the blood to the tissues 
WTiat appear, however, to be especially important are the changes detected 
m the choroid plexus, in which infiltrative lesions have hitherto not been 
obsen^ed the experiments indicate that when the poliomyehtic infec- 
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tion IS induced by the intravenous injection of the virus, there arise, not onlj 
the common lesions of pohomvehtis, but also certam additional lesions of the 
blood vessels and choroid plevus which are of peculiar and distinctive nature 
Smce the prease mode of infection in human cases of poliomyelitis may 
be regarded still as an open question, this criterion of blood invasion may 
prove of assistance in the solubon of the problem So far as can be judged 
from the study of the bssues from several human cases, a correspondmg wade- 
spread vascular involvement would seem not to have occurred 

Later on, m the same paper, they remark “The lesions m human 
cases of pohomyehtis w ould seem to correspond with those caused by 
intraneural and not by intravenous inoculation ” And, finally 
“The experiments descnbed support the view that infection in epi- 
demic poliomyehhs in man is local and neural, and by way of the 
lymphatics, and not general and by w ay of the blood Hence they 
uphold the belief that the tnfechon alnum is the upper respiratory 
mucous membrane ” And m a later paper (33), the same authors 
say 

The discovery of the main portals by which the vurus enters the body has 
focussed attenbon on the condibons which favor or hinder its entrance 
Havmg reached the upper respiratory mucosa the virus may take either of 
two routes m invadmg the central nervous organs It may penetrate first 
mto the local blood vessels and he earned into the arculabon and thence to 
the nervous bssues, or it may pass into the lymphabc vessels surroundmg 
the olfactory nerves and ascend more directly to the bram, medulla, and 
spinal cord 

Evpenmental evidence suggests the latter route It is difficult to infect 
monkey s by way of the blood, and conversely, it is easier to infect them by 
way of the nasal mucosa It is the funebon of the choroid plexus and the 
pial lyonphabc vessels to exclude the virus present m the blood from the 
nervous tissues When the varus enters directly from the nasal mucosa 
to the brain, the medulla and lastly the spmal cord become infected, from 
which It would appear that the varus entenng the cenbal nervous organs by 
way of the olfactory nerves permeates the organs continuously and is not 
distnbuted by the general arculabon 

It IS evident therefore that the conclusions of Flexner and Amoss 
are really contrary to the deductions drawn from them and from clim- 
cal data by the proponents of the meningo choroid penetration theory 
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Their experiments demonstrated the importance and effectiveness of 
the barner as a defensive mechanism, not that it is penetrated from the 
blood stream in the natural infection in man, and contradict the thesis 
of an initial blood stream infection 

Axonal propagation 

Most of the early experimenters were struck not only by the pe- 
culiar selectiveness of poliomyehtic virus for nervous tissue, but also 
by the ease with which animals could be infected by any method bang- 
ing it into direct connection with such tissue as compared with the 
difSculty of infecting by any other route, and, further, by the manner 
in which it followed peripheral nervous channels into areas of the 
central nervous system with which they were directly connected 
The possible routes of infection, however, seemed exhausted by the 
blood vessels and the lymphatics accompanying the nerves, and that a 
third alternative route — the nerve fiber itself (axis cylinder or myehn 
sheath) — existed, apparently failed to occur to any of them (save 
Romer (91)), even after (1917) Ransom (87) showed that tetanus 
toxin IS conducted through “the protoplasma of the neurons The 
perineural lymphatic pathway (mentioned in the quotation from 
Flexner and Amoss) was preferred by practically all the early workers 
Thus, Landsteiner and Levaditi (69) in their report of December 18, 
1909, said that “Le virus peut se propager le long des nerfs pour 
atteindre le systeme nerveux central,” as an mference from their ex- 
periments of inoculating virus into the nght median nerve and ob- 
taining pnmary paralysis of the nght arm; but in a review of their 
expenmental work about a year later, asserted their belief m ascent by 
the lymphatics, although notmg the primary involvement of the nerve 
cells Lemer and von Wiesner (73) in the following year (1910), on 
the basis of similar expenmental results from the inoculation of pe- 
npheral nerves came to the same conclusion, stating that “Die Ver- 
breitung des Virus im Organismus schemt langs der Nerven, resp der 
dieselben begleitenden Lymphgefasse zu erfolgen ” 

Belonging to this same penod are the remarkable observations of 
Romer (91), and it seems strange that they should not have sug- 
gested the alternative route mentioned, since they did suggest to him 
an inherent difficulty in the assumption of passage along the lym- 



ACUTE POLIOMYELITIS 


91 


phatics and were certainly inconsonant with spread through the cere- 
brospinal fluid Romer says (p 99 et seq ) 

OMing to tlie position of the operating table, ne happened to make all 
our in3ecUons on the left side of the skull m the region of tlie central gjaa 
This situation corresponds with the fact that the loner limbs were 
affected first in most of our cases Paralysis appeared first m the left hind 
limb of only one monkey out of twenty which had been injected on the left 
side In eight cases one side was not affected before the other, but it must 
be remembered that at the time we were not paying attention to this point 
In no less than eleven experiments the limbs on the right side w ere paralyzed 
first In the majority of cases the paralysis began m the nght hmd limb 
When the fore limbs were affected first, it was the nght one, with one excep- 
tion, which was first affected Unfortunately, at the time when we be- 
came aware of the importance of this question we had almost finished our 
senes of experiments I may mention, however, that both monkeys in- 
jected ad hoc on the nght side became paralyzed first m the contralateral 
limbs Should these expenments be confirmed they would seem to mdicate 
that the active agent spreads along the neuron or, at least, spreads more 
quickly in this direction than in any other It is to be supposed that in 
doing this It passes along the lymph channels accompanymg the neuron, 
although this would pre-suppose a considerable degree of isolation of these 
channels 

That long longitudinal “lymph channels” do not exist m the central 
nervous system had already been shoivn by Kadyi (21) and that peri- 
neural spaces could accompany a single group of nerve fibers for such a 
distance without communication wnth other dramage channels of the 
central nervous system was, indeed, a practical impossibility Cer- 
tainly Romer’s expenments, demonstrating the passage of virus 
through and along a definite nerve tract, the pyramidal, are sus- 
ceptible of no other hkely explanation than that of spread by way of 
the axis cylinders themselves, since even spread in the myelin sheaths 
would presumably lead to diffusion wider than that observed 

Nevertheless it was not until some eighteen years later, in January, 
1930, that axonal spread was senously proposed and experimentally 
demonstrated This was m the report by Fairbrother and Hurst (26) 
of experunents in which after imtial implantation m the brain and on 
the nasal mucosa the virus was shown to advance wathin the nerve 
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tissue itself, from the cerebral cortex to the thalamus, thence to the 
medulla and thence, with almost explosive suddenness, to the spinal 
cord It was shown that from its early or original site of implantation 
m the cortex, where conditions do not favor its survival, the virus 
tended to die out at a time when its effects on the lower centers of the 
nervous system were appearing, and, like Romer, they foimd evidence 
that the passage was along decussating channels They noted that 
virus was only exceptionally present m the cerebrospinal fluid, and 
concluded that this could be only a secondary or subsidiary route of 
spread when it occurred at all They also noted that nerve cell 
degenerations were antedecent to and often dissociated from the in- 
flammatory reaction Finally they postulated, on the basis of their 
observations, that the anterior horn cells of the cord were more 
susceptible to the effects of the virus than other nerve cells They 
concluded that the virus travels chiefly by way of the axis cylinders 
Confirmation of the truth of this revolutionary concept was sup- 
plied in June of the same year by Jungeblut and Spnng (60) who 
transected the cord of a monkey at the level of the first lumbar verte- 
bra, later inoculating a virus suspension in the bram, and finding (ninth 
day) thereafter typical lesions of poliomyelitis in the cervical and 
thoracic cord and a normal appearance in the lumbar cord below the 
point of transection, despite the fact that in the normal animal the 
lumbar cord is the site of predilection in the experimental disease 
Later in the same year Hurst (58) presented further evidence for the 
axonal theory Inoculating virus into the sciatic nerve, he not only 
found the earliest lesions in the corresponding portions of the lumbar 
cord (as had been shown before by Landsteiner and Levaditi (69) 
Flexner and Lewis (41), and Leiner and von Wiesner (73)) but later 
detected both virus and lesions in the corresponding portion of the 
cerebral motor cortex, and a little later stiU in the cervical cord 
Hurst (58) again stated that virus can occasionally be detected in the 
cerebrospinal fluid, and that this “plays a subsidiary part in the dis- 
semination of the virus ” But “No theory of the pathogenesis in 
terms only of the cerebrospinal fluid can provide a reasonable ex- 
planation of these observations ” 

The full import of these observations and conclusions in relation to 
practically all the clinical problems of the disease has not as yet been 
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appreciated It is obvious that if the theory of axonal spread is cor- 
rect, other theones arc incorrect We need not postulate a pre- 
liminary period of “systemic” infection, nor that poliomyelitis is a 
“general infectious disease” at all, m the sense of being extranervous 
before it is intranervous 

It IS to the purpose of examining the pathology and symptomatology 
of the human disease in connection with the point of entry of the virus 
and with the anatomy and functions of the central nervous system to 
see how well the axonal theory harmonizes with the facts, to attempt 
a re-mtcrpretation of the clinical disease in its light, and to discuss 
certain changes which it involves in our attitude to some of the 
problems still awaiting solution, that the present paper is devoted 

I THE INFECTIVE AGENT 

The fact appears to be well established today that the microorgan- 
ism responsible for epidermc poliomyelitis is not only filterable but also 
far below the limits of visibility under the ordinary microscope, nor 
has its artifiaal cultivation been conclusively demonstrated There 
was good reason for a time to believe that the globoid bodies dis- 
covered, cultivated and studied by Flexner and Noguchi (47), and 
Amoss (1) were actually the causative agents of the disease They 
were found in and recovered by culture from speafically infected 
tissues, both of man and the monkey, the cultures reproduced the 
disease in as late as the twentieth generation Nevertheless, the 
globoid bodies were not found in highly infectious filtrates and Amoss 
failed to detect an immunological relationship between them and the 
true virus Amoss’s (2) recent conclusion is “that the relationship 
of the globoid bodies to poliomyelitis remains unsolved " 

The globoid bodies average about 0 2 fi (200 ijiijl ) in diameter Re- 
cent experiments by Clifton, Schultz and Gebhardt (15) show that the 
virus particles are not more than one-quarter (SO pm) of this diameter 
and may be as small as one eighth (25 pp) The extreme minuteness 
of the virus may have a beanng on its mode of propagation ivithm the 
axons so small a body might conceivably pass even through the 
neurofibnls themselves 

That streptococci have any etiological relationship to poliomyelitis 
appears to be thoroughly disproved 
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The periodic fluctuations in virulence noted by Flexner, Clark and 
Amoss, (38) and later by Flexner and Amoss (35) is probably not only 
of epidemiological but also of clinical importance, since the degree of 
infectivity must be one of the two factors (the other being the effi- 
ciency of the defenses of the host) which determine the clinical course 
and outcome of the individual case The point will be again discussed 
Burnet and MacNamara (9), in Austraha, have demonstrated the 
existence of different strains of virus incapable of affording , cross- 
immunity in monkeys, a discovery of obvious epidemiological and 
clinical importance 


n POINT OF ENTRY 

While perhaps it cannot be said with absolute certainty that there 
IS not more than one portal by which the virus enters the body in the 
natural infection in man, nor that even the exact portal at which it 
enters has been conclusively demonstrated, there is impressive evi- 
dence (34) in favor of the nasal mucosa and almost equally impressive 
evidence against other routes 

Active virus has been detected in at least one instance (Taylor and 
Amoss (97)) m the nasal washings at or near the beginning of the in- 
cubation penod in a child who had a known recent contact with a case 
of pohomyehtis and five days later herself came down with the disease 
A brother of this child, who may have just passed through a mild case 
of the disease, also had virus in the nasal washings Flexner, Clark 
and Fraser (40) m 1913 found virus in the pooled nasal washings of 
both parents of a child suffenng from the disease Klhng and Pet- 
tersson (65) found virus m the pooled washmgs of four members of a 
family m which the father had recently died of pohomyehtis This 
appears to exhaust the hst of published reports of virus detected by 
correct methods in the nasal mucosa of contacts Taylor and Amoss’s 
unique first case is of particular mterest and significance in showing the 
location of the mfective agent in the early part of the period of m- 
cubation 

In patients djnng or recently recovered from pohomyehtis, virus can 
frequently (34) — according to Amoss (2), constantly — ^be recovered 
from the nasopharynx (tonsils) As a rule, according to the experi- 
ments of Flexner and Amoss (34) it disappears rather soon, smce it 
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could not be recovered from the tonsils surgically removed dunng 
convalescence They conclude that chronic carnage is at least ex- 
ceptional Lucas and Osgood (78), however, found virus in the naso- 
pharyngeal washings of a patient who some months before had suffered 
a second attack of the disease The studies of Kling, Wemstedt and 
Pettersson (66) of the nasopharyngeal washing of some 12 cases during 
vanous penods of convalescence unfortunately must be rejected asm- 
conclusive 

The detection of virus m the nasopharyngeal secretions and ad- 
jacent lymphoid tissues (tonsils and adenoids) in cases with the fully 
developed disease (Flexner and Clark (36), Landsteiner, Levaditi and 
Pastia (72), Thomsen (98), Plexner and Amoss (34)) does not, however, 
prove that this area is the site of entry, since Flexner and Lewas (43) , 
Landsteiner, Levaditi and Danulesco (71), and Thomsen (98), showed 
that it IS also the site of exit of virus from the central nervous system 
In monkeys expenmentally inoculated by the mtracranial route, virus 
was later discovered in the nose The fact has obvious importance 
in relation to the spread of the disease 

Neither the clinical symptomatology nor the post mortem findings 
indicate the portal of entry While acute infections of the throat, 
such as acute folhcular tonsilhtis, have occasionally preceded poho- 
myelitis, they are so exceptional as to suggest — together with the 
generally accepted belief that this form of tonsilhtis is due to strep- 
tococci — that the concurrence is acadental In most epidemics — 
there are occasional exceptions, such as the outbreak in Hesse-Nassau 
studied by Muller (82) — outspoken chnical evidence of upper respira- 
tory inflammation have been conspicuously absent, at the onset or 
immediately before or after The same may be said of evidences of 
gastro ententis Although in some outbreaks of pohomyehtis there 
has been a good deal of diarrhea, m the majonty it has not been 
present in more than a small minonty of cases Since both are dis- 
eases epidemic m the summer months and in young children it is not 
surpnsmg that outbreaks of both should sometimes coinade 

The post mortem pathology gives httle direct support to the view 
that the disease penetrates either through the nasopharynx or through 
the gastrointestinal tract Haibitz and Scheel (50) minutely ex- 
amined the nasopharyngeal mucosa m two cases without finding 
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abnormalities Various pathologists have examined the gastro- 
intestinal tract and, while noting with varying frequency h3q3erplasia 
of the lymphoid structures (solitary folhcles, Peyer’s patches) have 
not found such changes with uniformity Moreover, this hyperplasia 
appears to be part of a hyperplasia of the entire lymphopoietic system 
of the body and not a local phenomenon or regularly related to gastro- 
enteric disturbances 

Reviewing the human evidence, it seems safe to say that, as a gen- 
eral rule, the vmts of pohomyehiis exates little if any inflammatory dis- 
turbance on or in the surface membranes of the body, that its entrance is, 
in the great majority of cases, at least, wholly silent — ^facts which are 
doubtless due to its high degree of specificity for nervous tissue 

For a solution of the problems of how and where the infective agent 
of pohomyehtis, once deposited on the body surfaces, is able to pene- 
trate thus silently into the central nervous system, provided as it is 
with a special mechanism of defense against infection from the blood 
stream and possessing the slightest of communications with the lym- 
phatic system, we must in the mam depend upon the results of animal 
experiment 

Reference has already been made to the conclusions of various 
workers that infection is accomphshed vuth ease by any method 
bringing the virus into direct contact with nerve tissue and that it is 
readily conducted through the penpheral nerves into the central 
nervous system The problem would therefore appear to narrow down 
to the determination of places in the body where nerve endings are 
exposed at the body surface and to the detection by direct expenment 
at which of these — if more than one exists — infection can be produced, 
preferably without trauma 

The mucous surfaces of the body are obviously the only ones to be 
senously considered, and, of these, we may make three broad divisions 
the upper respiratory, the lower respiratory, and the gastrointestinal 
While Leiner and von Wiesner (73) reported successful inoculations 
by all three of these, other experimenters at the same penod and later 
have been able to confirm their results only in the case of the first 
The gastrointestinal route has, indeed, been senously considered from 
tim e to time by occasional students of the disease but the recent in- 
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vestigations of Clark, Roberts and Preston (14) appear to have finally 
disposed of its daims 

Plevner and Lewis (44), Landstemer and Levaditi (70) and Lemer 
and von Wiesner (73) all within a short space of time (1909-10) suc- 
ceeded m infecting monkeys by the application of virus to the nasal 
mucous membrane In the first experiments the membrane was 
traumatized, but it was soon found that success could be obtained by 
simply swabbing infective matenal on the surface or by applying a 
cotton tampon to the uninjured surface Quite recently, Rhoads (89) 
reports almost uniform success from repeated dropping of virus sus- 
pensions m the nose - While, on the whole the method of nasal ap- 
plication gives less uniform results than intracerebral inoculation, it 
remains the only method by which experimental pohomjehtis can be 
produced without trauma, and from the body surface It is one of 
Flexner’s most important contributions to our understanding of this 
disease that he first recognized the unique significance of this route of 
entry and has continued to study and emphasize its importance As 
early as 1912, m his Huxley lecture (28), he made his famous gen- 
eralization “The large peripheral nerves are prevented anatomically 
from being infected in nature, while the small olfactory filaments are 
advantageously placed to act as the means of transportation Hence 
the view that the nasal mucous membrane is the site both of 

ingress and egress of the virus of poliomyelitis in man ” This view he 
repeated in 1931 (30) in a bnef note (Science) stating “The mdica- 
tions, then secured and since confirmed, are to the effect that the virus 
IS nerve conducted, as it enters and even as it leaves the body of in- 
fected human bemgs and animals Jta the respiratory mucous mem- 
branes ” Flexner’s view, which has come to be generally accepted, 
therefore implies that the virus not only enters (and leaves) the body 

’ A recent personal communication from the Rockefeller Institute descnbes the method 
as consisting of washing fairly large amounts of vims suspension into the nose on successive 
days for about a week, using a number of difiercnt strams This illustrates that the diffi- 
culty apparently vanes greatly from tune to time due to factors which are still obscure 
n^er and Amoss (107) suggest that one of these is the state of the mucous membrane 
Itself, m some animals it is "effective” as a barrier, in others "ineffective ” Another factor 
IS doubtless the state ("virulence’^ of the virus itself In a recent senes of expenments 
(p 100), Faber and Gebhardt, using a modification of technique devised by Schult? and 
Gebbardt (unpublished), had very few failures 



98 


HAROLD KOTEST RABER 


through the upper respiratory mucous membrane, but at a particular 
area within it ® 

A bnef resume of the anatomy of the oKactory mucous membranes 
and nerves will show what extremely favorable — ^probably unique — 
conditions they present to the attack of a stnctly neurotropic virus 
once lodged on the surface, even though it were wholly incapable of 
setting up any local inflammatory reaction in the sustentacular cells 
or other supportmg tissues 

As described by Parker (85), the olfactory portion of the nasal 
mucous membrane m man occupies an area of about 250 sq mm m 
the superior nasal meatus m each nans, on the septal and lateral walls 
Under normal conditions of quiet breathmg the air currents do not 
reach to this height but are brought to it by more forcible mspiratory 
efforts (sniffing, etc ) It is covered by a layer of mucus, which m 
man may or may not contain neutrahzmg substances for the virus of 
pohomyehtis (Amoss and Taylor (3)) In and upon (108) tins mucus, 
pi ojechng from the epiihehal surface, he the free ends {olfactory hairs) 
of the processes {modified dendrites) of the olfactory cells. These are 
true ganglion cells whose axons ascend, without intervening synapsis, 
in the olfactory nerves {about 30 in man) through the cribriform plate 
of the ethmoid bone into the olfactory bulb The olfactory axons are un- 
myehnated It is possible, although on the whole unhkely (m view of 
the estabhshed slightness, as shown by Weed and others, of com- 
munications m general between the subarachnoid spaces and the 
systemic lymphatics) that the lymphatics surroundmg these nerves in 
their nasal portion are in natural commumcation with the subarach- 
noid space It is perhaps more hkely that the bamer between the 
lymphatics and the subarachnoid space is rather easily broken doivn 
either by pathological increases of pressure from inside (as in the ex- 
periments of Key and Retzius (64)) or by acute inflammatory disease 
There is, however, no mdication that communicating spaces exist 
along the nerves from the nasal mucosa into the olfactory bulb 

5 The experiments of Levaditi and Danulesco (75) beautifully demonstrate the limited 
area of susceptibihty All of 9 monkeys in which virus was apphed to the unmjured nasal 
mucosa (5 by tampon, 4 by simple swabbmg) came down with tj'pical pohomyehtis Both 
of 2 monkeys in which it was applied by rubbing to the pharynx (throat, tonsils) remained 
unafiected 



ACUTE POLIOMYELITIS 


99 


The ideal condition existing in the penpheral area of the olfactory 
tracts for transmission from the body surface of an axonally propa- 
gated virus directly into the central nervous system is, therefore, 
manifest Such conditions are not duplicated elsewhere in the body 
The vital importance of the protection afforded by the overlying 
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Fic 1 The Olfactorv Mucous Mei[biuvni:» The OLrACxoRY Nerves, Their 
Connections and Anatomical Reactions 
The immediate exposure of the terminal filaments (olfactory hairs) of the olfactory 
nerves to virus deposited in the nasal mucus is evident as well as the directness of the 
pathway, through the olfactory cell and axon, <«/o the olfactory bulb, whence by passing 
the glomerular s>*napses, it is free to travel out from the bulb through the olfactoiy tract 
to the vanous connections m the interbrain, hippocampal formation of the neopallium, 
etc as explained in the text 

The diagram also shows the subarachnoid as a dosed space within a continuous lining 
membrane (the arachnoid mater) not in open communication with the extranerv ous lymph 
spaces Virus or bacteria (such as the menmgococcus) breaUng through at the point 

marked “x” would invade the subaracbnoidspace but could only penetrate into the interior 

of the bulb or other parts of the nerv ous tissues proper after passing through the pial layer 
or tlirough the periv ascular spaces (not shown in the diagram) , if such a process actually 
occurred, it should be more diffuse, and follow the upward and forward direction of the 
current of the cerebrospinal fluid along the frontal lobes and longitudinal fissure, instead 
ot downward and backward along the base to the regions actually found to be mainly 
naected The agreement of the pathology and early symptomatology with the direct 
nervous route is discussed in the text 
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mucus on the surface is also evident smce this and the state of the 
cell membranes appear to be the only effective immediate barriers 
to the entry of virus, once it has been implanted on the surface^ 

That virus actually ascends along these nerves into the olfactory 
bulb was shown by Landsteiner and Levaditi (70) m 1910, and agam 
by Blexner and Clark (37) in 1912, who added the important observa- 
tion that at the period — forty-eight hours after application to the 
nose — ^when it was found in the bulb it could be detected neither in the 
medulla nor in the spinal cord ® 

We may accept, without much hesitation, the olfactory mncons mem- 
brane as the most probable route of penetration of the virus of poliomyelitis 
-from the surface into the central neroous system, and it should be noted 
that it IS quite unnecessary to assume in explanation of this penetration 
any p) eliminary local irritation or inflammation nor, indeed, anything 
more than the absence of speafic neutralizing substances m the super- 
ficial mucus, or than a change in the physico-chenucal state of the 
surface membranes of the olfactory hairs in the direction of increased 
permeability 


^ The actual deposition of the infective material in the superior nasal meatus, to which the 
olfactory nerve endmgs are limited, must be rather direct Hilding (54) has shown that 
the surface currents created by the cUia of the nasal epithelium move particulate matter 
deposited on the surface downwards and backwards, and thus away from the superior 
meatus This mechanism doubtless has a certain protective value in the case of polio- 
myelitis 

® Brief reference may be made here to e'qienments by Faber and Gebhardt that were 
m progress during the preparation of the present paper and are soon to appear in the 
Journal of Experimental Medicine Monkeys inoculated intranasally by the method 
referred to in footnote 2, were sacrificed on the third, fourth, fifth, sixth and seventh days 
thereafter, in all cases before paralysis On the fourth day, virus was detected in the 
olfactory bulb alone On the fifth day, it was found in the olfactory bulb, hypothalamus 
and medulla On the sixth day, it was detected again in these places and also in the 
thalamus and midbram On the seventh day, for the first tune, it was found in the spinal 
cord, both postenorly and anteriorly, and in the intervertebral ganglia In none of the 
experiments was virus detected in the cerebral cortex (excepting the hippocampus, in 
small amounts on the seventh day) nor in the cerebellum 

It IS quite impossible to mterpret the results except by propagation through the nerve 
tissues proper, apparently by a fairly well defined route withm the central nervous system 
The application of the results to the human disease appears to be reasonable smce the 
same pomt of entrj’-, the nasal mucosa, was used 
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in ANATOMICAL CONSIDERATIONS, NERVE TRACTS AND CONNECTIONS, 

BLOOD SUPPLY, PERH'ASCULAR SPACES 

Since this paper deals with the thesis of nerve conduction of virus 
along particular channels, it is appropriate to review certain aspects 
of the nerv'ous anatomy at this point A brief discussion of the blood 
supply and of the channels of tissue drainage m the central nervous 
system is appended, as having a bearing on the discussion of certain 
disputed points 

Olfactory mucosa and olfactory ncrces 
The anatomy of these structures has already been descnbed under 
“Point of Entry ” 

Connecting patlnvays from olfactory btdlfi 

From the olfactory bulb the outgoing fibers pass on to the first 
relay in the olfactory lobe and thence, or from the next relay in the 
parolfactory lobe (rudimentary in man) in the antenor perforated 
space, the olfactory fibers, afferent and efferent, diverge along several 
different pathways, which later again converge The pattern of these 
is very complex in detail, but for present purposes may be sketched 
in its broader outlines 

In primitive animals, the olfactory pathways pursue a basal course 
to the thalamic region, ending m relays with fibers leading to the mid- 
brain, lower brainstem, and spinal cord The basal olfactory bundle 
of Wallenberg (descnbed in Edinger) appears to be the remams of this 
pnmitive tract It terminates partly m the hypothalamic areas in 
or near the mamillary bodies, partly in the interpeduncular ganghon, 
and partly in lower areas of the brainstem as yet not known with 
certainty Some of the fibers, at least, in this tract have been shown 
by the method of degeneration to run an uninterrupted course from 
the olfactory bulb to the mamillary bodies From the last, a large 
tract, the bundle of Vicq d’Azyr, connects, by one of its divisions with 
the antenor nucleus of the thalamus and by the other with the dorsal 
tegmental nucleus of Gudden in the central gray matter of the mid- 
bram This nucleus, which will again be referred to, is an important 

‘The data here summarized have bsenobtamed mainly from Edmeer (22). Tilnpvnnd 
RUey (99), and Huber and Crosby (56) aneyand 
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olfactory relay point for “the transference of impulses received by 
the olfactory portions of the brain to the bulb and spmal cord” 
(Tilney and Riley (99)) It is also connected with the interpedun- 
cular nucleus, already mentioned, through the fasciculus retroflexus 
of Meynert, and with the habenular nucleus of the thalamus 
With the evolution of the end-bram, new olfactory tracts have been 
formed circling about the thalamus, to reach, through various relays, 
the cortical areas of the limbic lobe, the chief of which are the hippo- 
campus and its later outgrowth, the uncus From these cortical areas 
of smell, other tracts descend, mainly throughout the fomix to the 
mammillary bodies (hypothalamus), the thalamus (antenor nucleus, 
habenular nucleus) and thence, again, to Gudden’s nucleus 
The connections of this important structure with the lower centers, 
while not fuUy estabhshed in all respects, appears to be along two 
tracts chiefly the reticulo-bulbar-spmal, and the fasciculus of Schutz 
The former estabhshes connections with the visceral motor and 
secretory mechanisms of the meduUa and cord, the latter is, according 
to Tilney and Riley, the remains of an ancient motor path connecting 
the olfactory centers with the antenor horns of the spmal cord 
Finally, commissural connections exist between the various ol- 
factory centers of the opposite sides Thus, the two olfactory bulbs 
are connected through the antenor commissure, while the hippo- 
campal areas, the thalami, etc are similarly connected with their 
pairs 

This already much condensed descnption of the olfactory radiations 
from the olfactory bulb may be summed up as follows 
A From the olfactory bulb and lobe (antenor perforated gray 
substance) the chief pathways are 

(1) To the hypothalamus and interpeduncular ganglion, thence to 
the thalamus (anterior and habenular nuclei) and midbrain (central 
gray matter adjoining the aqueduct of Sylvius) , 

(2) To the hippocampus (Ammon’s horn), and thence to the same 
areas as in (1) , 

(3) To the olfactory bulb of the other side 

B From the areas, above mentioned, in the mterbrain and mid- 
brain, connectmg tracts extend to the medulla and spmal cord 
Assuming that a neurotropic virus, once firmly implanted in the 
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olfactory bulb, were propagated along the outgoing olfactory tracts 
and established secondary loa of infection m the various relays of 
ganglion cells (nuclei) m these paths, we should look for evidences of 
such secondary infection particularly in the hypothalamus, thalamus, 
tegmental area of the midbrain (gray matter adjacent to the aque- 
duct), Ammon’s horn, and olfactory bulb of the other side Inspec- 
tion of necropsy protocols, particularly those of Harbitz and Scheel, 
does in fact show heavy involvement of some of these areas, particu- 
larly the hypothalamus, the thalamus (to a lesser degree) and the 
central gray of the midbrain Ammon’s horn (referred to in the 
protocols as the inferior temporal gyn) was also affected to a greater 
extent and more constantly than other areas of the neopallium 
At this point attention may be focussed on some of the functions 
of one of the most heavily involved areas, the hypothalamus The 
vanous nuclei m this portion of the paleothalamus appear to exerase 
a controlhng or regulatory (“adjustor”) function over the entire 
vegetative system of the body, both sympathetic and parasympathetic, 
and irritative disturbances originating in it display an extraordi- 
nary variety of correspondmgmamfestations, among them abnormali- 
ties of body temperature (fever, subnormal temperature), of sleep 
(drowsiness, insomnia, sleep reversal), of cardiac rhythm, of per- 
spiration (excessive sweating), of bladder function, of gastrointestinal 
motor function, of metabolism As will be seen when the sympto- 
matology of pohomyehtis is discussed, many of the very early clinical 
features of the disease belong to the category of vegetative hypo- 
thalamic disturbance A point of particular interest here is the 
recent discovery by Cushing that stimuh applied by injections into 
the infundibular (hypothalamic) portion of the third ventncle lead 
promptly to vomiting, the commonest onset symptom, after fever, of 
pohomyehtis 

Connechans between the spinal cord and brain 

Efferent paths With exceptions to be mentioned— the chief of 
which IS the pyramidal tract— most of these onginate m the midbram 
and cerebellum It is noteworthy that the great motor pathway, 
the pyramidal, onginatmg m the precentral area of the cortex, is 
heavily myelinated and runs an uninterrupted course to its termina- 
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tions in. the anterior horns of the spinal cord The point is of interest 
since Fairbrother and Hurst have shomi how poorly adapted are the 
cortical areas to survival — and hence, presumably, natural implan- 
tation — of poliomyelitic virus It is therefore unlikely that this 
tract would become infected at its cortical end nor, since it is pre- 
sumably protected by its myehn sheaths, that it is exposed to infection 
dunng its passage down to the antenor horns of the cord Further, 
neither the histopathology of poliomyehtis nor the early sympto- 
matology gives evidence of conspicuous involvement of the motor 
cortex For these reasons, it is improbable that the natural route of 
infection is through the pyramidal tract 

The rubrospinal tract is more nearly in line with the areas of second- 
ary infection m the midbrain descnbed in the preceding section The 
red nucleus in which this tract ongmates lies m the tegmentum of the 
midbrain not far from the nucleus of Gudden and extends down to the 
subthalamic region Its anatomical relationships are therefore such 
as to expose it to infection from presumptively infected areas in the 
olfactory system Its chief connections are, however, mainly with 
the corpus stnatum and cerebellum, both far removed from the 
olfactory centers Its functions are motor (synergic and associated 
automatic control) and it descends directly to the antenor horns of 
the cord Whether this tract is m fact one of the mam channels 
through which infection descends to the cord is not perhaps to be 
answered on purely anatomical grounds, but rather on clinical con- 
siderations and perhaps on future experimental study Involvement 
of the red nucleus m the inflammatory process appears to be excep- 
tional The character of the symptoms m the preparalytic stage 
and the order of their appearance do not suggest that it is the mam 
route of propagation of infection 

The tectospinal tract ongmatmg m the tectum of the midbram and 
passing dovm to the antenor horn cells is largely concerned with 
visual function, supplying a “defense mechanism for the protection 
of the eye by means of the upper extremity” In its ongin it is 
separated from the olfactory centers and while the importance of its 
role m the dissemination of pohomyehtic infection, remains in part, 
like that of the rubrospinal tract, to be determined by the clinical 
evidence, it is clear that its anatomical distnbutions — largely to the 
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cervical cord— arc not in accord with the usual manilestations of an 
infection charactenstically involving the entire cord, particularly the 
lumbar regions Moreover, visual disturbances are exceptional in 
pobomyehtis 

Our knowledge of the reticular formalton of the midbrain, pons and 
medulla and of the rchculohilbar and rciiculospwal tracts is as yet 
incomplete Reference has already been made to descending fibers in 
these tracts connected with Gudden’s nucleus Hypothalamic con- 
nections have been traced from the nucleus tuberomamillaris (in- 
fundibulum) to the mamillary body and thence through the mamillo- 
tegmental fasnculus to the substantia rcticulans of the central grey 
matter of the midbrain It appears that the cell groups in the hypo- 
thalamus (tuber cmereum, body of Luys) and m the formatio 
reticularis through the brainstem have important regulating or con- 
trolling functions over the vanous sympathetic and parasympathetic 
functions As Spiegel (110) remarks “Vegetative centers are found, 
therefore, m many levels of the central nervous system and not only 
m the segmental cells of ongm of preganglionic fibers The 

activity of these cell groups is modified by that of the formatio 
reticulans of the rhombencephalon, of the hypothalamus, and of the 
forebtain ” The cells of the formatio reticulans are connected with 
each other and with spinal centers by tracts that have not as yet been 
completely mapped Papez (109) has recently outlined one of them 
from the upper pons or lower midbram to the medulla and cord Their 
particular interest to us is twofold first, they appear to be intimately 
connected with centers already desenbed m the h 3 ^othalamus and 
midbram closely adjacent to or in the direct pathway of the olfactory 
tracts, second, the formatio reticulans is repeatedly mentioned by 
Harbitz and Scheel as being frequently and rather heavily involved 
m the inflammatory process of poliomyelitis (see under “Distnbution 
of Lesions”) 

For the sake of completeness, the vestibulospinal and olivospinal 
tracts, both onginatmg m the medulla, may be mentioned The first 
of these, controlling equihbnum, runs from Deiter’s nucleus to the 
antenor horn cells of the cord throughout its length There is, how- 
ever, little or no pathological or clinical evidence of its involvement 
m the ordinary course of pohomyelitis and its importance as a route 
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of propagation of the infection is probably shght The same con- 
clusion may be made concerning the ohvospmal tract, which extends 
only to the upper cervical segments of the cord Finally, “an 
ancient olfactory motor pathway” is said to connect the anterior 
horns of the cord through the dorsal longitudinal fasciculus of Schutz 
vuth the dorsal tegmental nucleus of Gudden, already mentioned as 
an important synaptic point m the descending olfactory pathways 
The extent and even the functional integnty of this tract in man is, 
however, apparently somewhat in doubt and it may be rudimentary 
Since httle or nothing is known of chnical disturbances that might be 
related to injury or irntation of it, the extent of its possible participa- 
tion in the transmission of infection must be wholly conjectural 
Taking the chief efferent tracts connectmg the higher centers with 
the spinal cord into consideration as possible or probable routes of 
propagation of pohomyehtic infection from the olfactory centers to the 
antenor spinal horns, we may tentatively exclude the pyramidal, the 
tectospinal, the vestibulospmal and the ohvospmal, we may consider 
the rubrospinal as a possible, though perhaps not a probable, route, 
and the reticulospmal as a more likely route, subject to further con- 
sideration Finally, we might regard the “ancient olfactory motor 
pathway” extending from the dorsal nucleus of Gudden to the an- 
terior spinal horns as a probable route, were more known of its mag- 
nitude and functional capacities in man It may however, be vestigial 
Ajff'erent paths These may be dmded into two groups, the sensory 
tracts, proper, and the cerebellar Both of the latter — the vejihal 
and dorsal spinocerebellar — connect the gray matter of the cord, 
chiefly the columns of Clarke, with the cerebellum, the former through 
the infenor cerebellar peduncle and the latter through the supenor 
cerebellar peduncle Since the cerebellum has been found to show 
only the shghtest involvement in the pathological process of poho- 
myehtis and since cerebellar S3Tnptoms are conspicuously absent m 
the very early chnical phases of the disease, it is highly improbable 
that these tracts partiapate in the descent of the infection to the 
cord While it is true that the cells of Clarke’s column are sometimes 
involved in the inflammatory process in the cord itself, there is reason 
to suppose that they become infected through other channels than 
those from the cerebellum 
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The two great sensory tracts — that of Goll and Burdacli, and the 
spinothalamic — deserve closer attention The first of these originates 
in the dorsal root ganglia of the spinal cord, ascends to the medulla 
where, in the nuclei gracihs and cuneatus, its fibers have synapses 
vith neurones that go through the mesial fillet to the lateral nuclei 
of the tlialamus (neothalamus) This tract conducts impulses of 
somesthetic sensibility The spinothalamic tract, which conducts 
impulses of pain and temperature, originates m the postenor horns of 
the spinal cord (substantia gelatmosa of Rolando)— in relay with the 
dorsal root ganglion cells through the tract of Lissauer— and ascends 
directly by single neurones, for the greater part, to the lateral nuclei of 
the thalamus (neothalamus) 

It will be seen that the thalamic terminals of both tracts are in the 
lateral nuclei of the thalamus, whereas the olfactory thalamic relay 
points are m the mesial portions of the thalamus (antenor nuclei, 
habenular nuclei), or paleothalamus The two portions of the thala- 
mus are, however, undoubtedly interconnected by intercalary fibers 
Highly pertinent to the present discussion is Herrick’s (52) 
summing-up of the functional interrelationships m this area He says 
“The diencephalon is a relatively neutral zone between the large 
olfactory centers above and the centers of visual and other types of 
sensibility below Sere the descending correlation tracts from the 
olfactory field meet the ascending fibers of all other sensory systems” 
(itahes added) 

As to which of the two great sensory tracts now under discussion is 
more probably impheated in the passage of infection downwards may 
now be discussed Infection descendmg from the thalamus through 
the mesial fillet would involve the gracile and cuneate nuclei m the 
medulla and might be expected to set up some disturbance of the 
sense of somesthetic discrimination In point of fact, these bulbar 
nuclei are much less involved in the inflammatory reaction, according 
to Harbitz and Scheel, than other portions of the medulla, nor have 
neurological disturbances suggestive of early involvement of the tract 
been desenbed It therefore seems unlikely that this is one of the 
mam routes of descending infection 
On the other hand, an infection traveling along the spinothalamic 
tract should lead to an inflammatory reaction in the posterior horns of 
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the cotd — and ^n the dorsal loot ganglia through the tract of Lissaxm — 
and to disturbances of pain and temperature These changes are, in 
fact, both usual and characteristic in poliomyelitis and will be discussed 
in greater detail in subsequent sections of this article 
Intra- and intersegmental connections It is not, perhaps, always 
appreciated that the mass of neuronal fibers and connections con- 
necting cells within segments or cells of adjacent segments is consid- 
erably greater than that of those connecting the cord with the higher 
intracranial controlling or modifying structures These intra- and 
intersegmental connections are of various sorts, which may be divided 
into two mam groups those connecting spinal cells with one another, 
and those connecting the cells of the intervertebial ganglia with 
cells of the cord, and the connections may be either direct through 
axons with dendrites or cell body, or intermediate, through intercalated, 
connector neurons In the cord itself, such connections exist between 
cells of the same or of different classes (as, for instance, between 
different anterior horn cells, and between posterior horn and antenor 
horn cells), and are largely intrasegmental The cells of the inter- 
vertebral ganglia are connected (a) with the cells of the spinothalamic 
tract m the posterior horn (pain and temperature) , {b) with the cells 
of the antenor horn (direct spinal reflex), (c) with the cells of the 
column of Clarke (synergic control) , (d) with cells of the lateral horn 
(visceral — s)Tnpathetic — impulses and effects) Most of the fibers 
entering the cord from the spinal ganglia divide into ascending and 
descending branches and thus estabhsh both mtra- and intersegmental 
connections 

In bnef, the structural arrangements of the cord are such that an 
infection descending through the neurones of the long tracts connect- 
ing it with the intracranial portions of the central nervous system and 
attacking any of the spmal cells would have open channels to at least 
most of the others m the immediate neighborhood To a certain 
extent the spread of infection in a given segment would tend to be 
limited to that segment and its next neighbors according to the range 
of the connecting mtra- and intersegmental and intercalary fibers, 
and perhaps a certam degree of one-sidedness might also result from 
similar limitations of distnbution 
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It has already been suggested that one of the more probable routes 
of descent is through the spinothalamic tract In such a case, we 
should expect to find the infection lodging first in the cells of the 
postenor horns We should next expect it to reach the dorsal root 
ganglia through the tract of Lissaucr From both these foci we 
should expect it to follow the connecting neurons (a) to other portions 
of the postenor horns, (b) to the columns of Clarke, (c) to the cells of 
the lateral horns, (d) to the antenor horn cells— all more or less si- 
multaneously The first spinal symptoms, by this hypothesis, should 
be due to disturbance of the postenor horn cells, chiefly in the field of 
pain and thermic sensibility Next, we should find disturbances 
due to involvement of the cells of Clarke’s column (interference with 
synergic control, ataxia), splanchnic disturbances from the lateral 
horns, and disturbances due to involvement of the antenor horn cells 
(increased irntabvhty with hyperactive reflexes followed by flacad 
paralysis) The extent to winch such expectations are corroborated 
by available facts wiU be presently discussed 
Summary The anatomy of the tracts of the central nervous sys- 
tem has been reviewed in relation to the hypothesis that the virus of 
poliomyelitis enters the body through the olfactory cells of the nasal 
mucosa and is propagated from that point through the olfactory tracts 
and their pnncipal connections to reach its usual ultimate goal, the 
antenor horns of the spinal cord The distnbution of lesions, the 
expenmental and clinical evidence (separately discussed in greater 
detail) considered in conjunction with the vanous neural pathways 
particularly exposed to infection indicate that the virus first reaches 
the olfactory bulbs, next, the hypothalamus, next, the thalamus and 
midbrain, next the medulla, next the postenor horns of the spinal 
cord, next, the dorsal root gangha and anterior horns The tracts 
most likely to conduct the advancing infection are olfactory nerves, 
the basal olfactory bundle (with an alternative route to Ammon’s 
horn and thence through the fomix to the interbrain), the fibers con- 
necting the hypothalamus ivith the thalamus and midbrain, the 
spinothalamic tract, spinal fibers to the dorsal root ganglia and an- 
tenor horns From the hypothalamus an alternative route of possible 
importance is through the neurones of tlie reticular formation to the 
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Fig 2 Chief Connections of the Anterior Spinal Horn Cell 
a, anterior horn cell, idiodynamic control b, mtersegmental association cell, inter- 
segmental reflex control c, cell of DeiteFs nucleus, equilibratory control d, cell of red 
nucleus synergic control e, cell of supenor colhculus, oculocephalogync control /, 
cell of dorsal nucleus of Gudden olfactory control g, cell of precentral gyrus, voluntary 
inhibitory control (pyramidal tract) i, postenor root ganghon cell intrascgmental 
reflex control 2, postenor root ganghon cell discrumnative somesthetic impulses (col- 
umns of Goll and Burdach) 3, Posterior root ganglion cell affective sensibihty, pam 
and temperature (tract of Lissauer) 4, Postenor horn cell, affective sensibility, pam and 
temperature (spinothalamic tract) 5 and 6, mtercalated, connector neurons 

It wiU be noted that the only irect connection between the cord and the interbrain is 
through the spinothalamic tract, and that, while there are three direct connections be- 
tween the midbram and the antenor horn cells, only one of these (/, the “anaent olfactory 
motor pathway”) is connected with the olfactory tract, and this is probably vestigial in 
man It would therefore appear that on anatormcal grounds the chief connectmg pathway 
between the olfactory tracts and the spinal cord is through the spinothalamic tract The 
presumptiv e pathway through which virus reaches the antenor horn cells and postenor 
root gangha in poliomyelitis is shaded 
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midbram, pons and medulla, and possibly to the antenor horn cells 
of the cord Oateral group), accounting particularly for bulbar and 
sympathetic disturbances 

Blood supply 

Ihis subject has recently been reviewed by Cobb (105) For the 
present discussion it is only necessary to take up a few points beanng 
on the question of possible dissemination of pohomyehtis infection to 
the central nervous system through the blood stream For vanous 
reasons, some of which have already been mentioned, it is evident that 
the infection spreads through the nervous system along certain rather 
narrowly restricted pathways, affecting these more or less severely 
and spanng more or less completely adjoining and distant areas 
At times even wnthin a given affected cell-area, some cells may be 
totally destroyed and their neighbors left apparently unaffected A 
consideration of the anatomy of the vascular supply of the brain and 
cord fails to reveal any e'rplanation of the distnbution of the lesions 
on the basis of the distnbution or arrangement of the blood vessels 
In the brain the anastomoses of the smaller artenes and capillanes are 
so abundant as to ensure a perfectly even distnbution of virus from 
the blood stream In the cord the distribution of the artenes is, to 
be sure, segmental m large part, though not without intersegmental 
anastomoses Modem descnptions are m agreement on the sym- 
metncal arrangement of the artenes To explain the asymmetneal 
distnbution of spmal lesions m pohomyehtis the early work of Kadyi 
(61) on the spinal artenes has been ated to the effect that the nght 
and left branches of the central artenes supplymg the antenor horns 
are given off at different levels, resultmg in a difference of artenal 
supply to the nght and left horns at a given level A reading of 
Kadyi’s onginal article, however, reveals the fact that m the lumbar 
cord (where the lesions of pohomyehtis ordinanly are maximal) no 
asymmetry of the vessels was observed The explanation of the 
one-sided and otherwise non-uniform distnbution of the lesions on the 
basis of irregular distnbution of blood vessels has, moreover, the fatal 
defect that it would be valid only if gross embohsm or thrombosis 
occurred It is, of course, clearly estabhshed that embohsm and 
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thrombosis are not features of the pathology of poliomyelitis The 
pecuhar and charactenstic pervuascular lesions of the disease remain 
to be considered 


Penmsctdar channels 

It IS generally agreed that there is no true lymphatic system in the 
central nervous system As long ago as 1889, Kad)d noted (61) the 
absence in it of lymphatic trunks Dandy and Blackfan (17), Weed 
(102), and others have shown the slightness of the connections between 
the central nervous system and the extranervous lymphatic system, 
and the fact that eventual drainage of the cerebrospinal fluid is almost 
entirely into the blood stream 

The penvascular spaces of Virchow-Robin, while not lymphatics 
in the strict sense, nevertheless appear to have the analogous function 
of conducting water and vanous contained nutntive and excreted 
substances from the blood to the tissues and from the tissues back 
eventually to the blood stream They can be followed along the 
smaller artenes and veins and capillaries, but do not unite to form 
large trunks In general their course appears to be relatively short 
and from the nervous parenchyma to the pial surface where they end 
either in the subpial spaces or debouch into the subarachnoid space 
itself Under suitable methods, they can be shown to constitute a 
system, probably closed, of continuous and communicating channels 
from the subarachnoid space to the permeuronal spaces surrounding 
the nerve cells and neuroglial elements (Mott (81), Weed (102)) 

Although the direction of flow in these channels has been much 
disputed in the past, the careful investigations of Weed make it 
clear that, as might be postulated a prton, it is normally from within 
outwards and that, as Weed concludes (101) “under conditions ap- 
proaching the physiological, no passage of fluid from subarachnoid 
space to nerve-cell occurs ” Only under special and severely un- 
physiological conditions does a reversal of flow occur, permitting 
regurgitation of fluid from the subarachnoid space toward the nerve 
tissue Such conditions are first, marked increase of pressure m the 
subarachnoid space, second, anemia of the nerve tissue (e g , after 
hgation of the artenal blood supply (81)), third, intravenous mjection 
of strongly hypertonic solutions (102) All these, it wall be observed. 
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Tig 3 ANAXourcAZi Rewtions or SuDASAcnhoio Space, Beood Surr 

or THE Nerve TxssKrE, Pemvascdlar Space op Viroto^ Robik akd Its 
Perivecronae Extension, and the Ner\x Ceix 
The penneurcmal space is shown as part oi a closed space, v?ithin an endothelial w; 
in direct communication mth the pcn\ oscular and the subarachnoid space, rather tl 
discontinuous, as it is someUmes represented, with free opeoings into the tissue mterstic 
Its eaact limits in relation to the nerv c fibers ate uhknovm, and are arbitrarily shown 
the drawing at the ends of the mjelin sheaths The outward direction of the currcnl 
indicated b> the arrows The relation of the pern oscular system to the blood >essel' 
also an approximation, and no endings sucli as probably occur in the spaces of tlie ] 
materareshown The vesselsm the pia mater are purposely indicated as being ofgrea 
than capillai> diameter, since Kadyi states that no true capillaries are pr^ent in t 
lajer It would appear that absorption ol fluid fn>m the central nenous s>stem occ 
(a) within the nen ous system proper from penv ascular spaces into the intrinsic capillan 
ib) through the dural laj er of the arachnoid mto the capilbnes of the dura, (r) throi 
the perineural arachnoid at the end point marked “x” in the Vagram mto the subdu 
’Spaces wluch are probably m communication with the extranenous lymphatic syst< 
The small arrou^ indicate the prcsumptii e direction of fluid exchange from the arte; 
segment of the capiUarj mto the u«suc, penncuronal and perivascular spaces, and bi 
into the \ enoussj^ent o! tbccapiHanes in the nen ous tissue or dura, and mto tlie subdr 
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region of advanced cellular infiltration On the other hand, dis- 
integrating cells can be seen in sections which are stnkmgly free from 
mfiltration ” 

Hurst’s (57) recent study of pohomyehtis in the monkey showed 
quite clearly the fact that, as he says “The nerve cells are primarily 
affected by the virus and their degeneration is not attributable to the 
accompanymg interstitial mflammation ” 

The actual pnonty of the ganghon cell lesions to the mterstitial 
lesions has been known for many years, though only recently has it 
received its proper emphasis in discussions of pathogenesis Thus, 
Leiner and von Wiesner (74) in 1910 experimentally demonstrated it 
by showing the presence of altered ganghon cells in the cords of in- 
fected monkeys on the third and fifth days after inoculation and before 
other changes or chmcal symptoms had put m their appearance In 
the same year Landstemer and Levaditi (70) reached the same con- 
clusion, statmg 

Quel est le mechamsme qui preside a la gen^se de ces lesions? Le fait que 
les cellules nerveuses offrent des alterations degeneratives a un moment ou 
les infiltrations pen-vasculaires sont relativement peu prononcees, montre 
que le virus (ou les produits toxiques qu’il elabore) agit primitivement sur 
les cellules, et que la degenerescence des neurones n’est pas sous la depend- 
ance des l&ions vasculaires 

Finally the demonstration of intranuclear inclusions m nerve cells 
by Covell (16), Hurst (59), and Schultz (92) in monkeys infected 
with pohomyehtis completes the picture of this disease as a true 
virus infection of the nerve cells themselves 

Since so much of the pathological studies m man — ^particularly the 
extremely exhaustive and pamstakmg studies of Harbitz and Scheel — 
has led pathologists to the conclusion that the vascular and other 
inflammatory (“mterstitial”) lesions come first and imtiate the proc- 
ess leading to ganghon cell destruction, it should agam be emphasized 
that save in exceptional mstances, such as Rissler’s third case, of 
overv'helmmg seventy and fuhnmatmg course, the post mortem 
picture in man must necessanly present the features of primary lesion 
and secondary reaction so intimately and thoroughly mtemungled as 
to make their disentanglement next to impossible The exception to 



acute pouomvelitis 


117 


tbs rule wbch gi\es the due to the true nature of the disease is that 
cited by Draper— normal cells m an abnormal milieu and, otcc oersa, 
abnormal cells in a normal milieu and this is a point the significance 
of nhich has not been properly weighted until quite recently in most 
discussions of the pathology 

Infommalory lesions of the central ncrmis system 

This term is preferable to the more commonly used “interstitial 
lesions" as being mote comprehensive As here employed it includes 
all lesions other than degenerative changes of the ganglion cells them- 
selves and indudes the vanous changes secondary to the pnmary 
involvement of the nerve tissue proper For convenience, these may 
be considered in three main categories vascular, penvascular and 
meningeal lesions, changes in the supporting tissues themselves, 
changes in and about the nerve elements 
In general the secondary changes in pohomyelitis are the same as 
inflammatory reactions in vanous other acute infections and consist 
of h 3 qDeremia, edema, cellular emigration, cellular prohferation, 
phagocytosis and removal of necrotic matenal 
In poliomyelitis, dilatation of the capillanes and small vems is a 
stnking feature of the picture, varjnng however, greatly in intensity 
in different areas The small vessels are indeed frequently so dis- 
tended as to break with the greatest ease on post mortem manipula- 
tion, giving nse to the belief that hemorrhage is a part of the patho- 
logical process Hurst, however, beheves that actual extravasation 
of blood does not occur dunng life to any marked degree 
Even more stnking than the h 3 fperemia is the emigration of small 
cells into the penvascular spaces This, too, vanes greatly in degree 
m different areas of the central nervous system but is — with the excep- 
tion already noted — greatest in the most heavily infected areas, where 
wide collars of penvascular infiltration form a charactenstic feature of 
the pathological histology In general, the infiltrations are most 
marked m the intenor gray portions of the nerve substance, especially 
in the antenor horns of the cord They can be followed outward, 
espeaally along the veins (Wickman (104)) to the endings of the 
penvascular spaces under the pia (especially densely m the central 
fissure of the cord), and, discharging through the ostia into the sub- 
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arachnoid space, give rise to the pleocytosis and, doubtless, the in- 
crease in globulin, which is so characteristic and early a feature of the 
spinal fluid m the acute stages of the disease The arachnoid surfaces 
do not show, in poliomyelitis, deposits of inflammatory exudate such 
as are seen in ordinary forms of meningitis, and in relation to the 
so-called “meningeal” signs and symptoms that wiU presently be dis- 
cussed this pomt should be kept m rmnd 

The cells m these penvascular infiltrations are mainly lymphocytes 
mth some pol)Tnorphonuclear leucocytes (Hurst (57)) the aggre- 
gate mass of such cells m a case of pohomyehtis of any severity must be 
enormous 

In the tissues outside the penvascular spaces, edema and increase 
of cells IS found with varying intensity and probably a little later than 
the penvascular mfiltration The cells are partly pol)morphonuclear 
leucocytes which have doubtless passed through the capillary and 
pencapiUary cell membranes by virtue of their powers of locomotion, 
and, as Hurst (57) has so clearly shown, consist mainly of fixed cells 
that have undergone metamorphosis and probably prohferation, the 
microglial cells. These are identical with the “polyblasts” of Wick- 
man who erroneously ascribed their origm to lymphocytes A few 
true lymphocytes may occasionally be found 

After death, the ganghon cells are invaded and removed by both 
the polymorphonuclear and the microglial cells The process of 
neuronophagia is particularly prominent m the later phases of the 
acute stage of the disease and may be detectible for a considerable 
period thereafter 

Summary For the sake of emphasis in relation to the general 
purpose of the present discussion of the subject, some of the features 
of the disease process may be re-capitulated The first attack of the 
dtsease ts upon the neroe cells which are mjured in varymg degrees 
Secondajy to this attack ts a reaction, essentially defensive and repaiative, 
mduding vascular dilation, enugration of lymphocytes and leucocytes 
into the penvascular spaces, often to the pomt of dilatmg and appar- 
ently obstructing them, mterstitial edema, emigration of leucocytes, 
metamorphosis and prohferation of the microglial cells, neurono- 
phagia The perivascular in fil tration follows the spaces of Virchow- 
Robin m the normal direction of flow of these channels to the spaces 
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under the pial sheaths of the central nervous system and mto the sub- 
arachnoid space There is no true meningitis 

Dislnhuiton of the nervous lesions 

It IS unfortunate that the attention of the pathologist has fre- 
quently been concentrated on the lesions of the cord to the exclusion 
of those elsewhere in the central nervous system Wickman (104), 
Harbitz and Scheel (SO), Muller (82), and a few others have, however, 
given us detailed descnptions of the pathology of the central nervous 
system as a whole, and it is on tliese that we base the present review, 
notmg that we must depend mainly on the inflammatory lesions for 
our evidence rather than on ganglion cell changes which have been less 
systematically reported 

Withm the cranial cavity, the nervous structures show marked 
and roughly constant differences in degree of reaction In a general 
way, vascular dilatation and the infiltrations in and around the 
vessels are slight in the cerebral cortex and cerebellum, much more 
marked in the brain stem 


Olfactory bulb 

Little or no attention appears to have been devoted to the pathology 
of the olfactory bulb m pohomyehtis It is a familiar fact that, 
unless special care is observed, the olfactory bulb, firmly attached as it 
IS by the numerous olfactory nerves, is likely to be torn off when the 
brain is removed at necropsy, and so fail to be examined This is the 
only explanation that occurs to me for the uniform failure to note either 
the macroscopic or the microscopic appearance of the structure m the 
protocols available m the hterature Harbitz and Scheel briefly note 
in one case that the olfactory bulb was normal— the only instance in 
which I have found it mentioned The subject is certainly one de- 
serving further study, espeaally smee in the sunilar Boma disease of 
horses the olfactory bulb is the scat of constant and charactenstic 
changes 

Cories, 

As a rule, the neopalhal portions of the cortex show nothing more 
than slight and scattered areas of vascular dilatation and occasional 
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slight infiltrations of small cells The central gyri are sometimes the 
seat (Wickman, Harbitz and Scheel) of somewhat more marked 
changes, not, however, severe On the other hand, the areas border- 
ing on the Sylvian fossa, particularly the inferior temporal gyri, are as 
a rule more severely affected These gyn belong to the archipallium, 
and comprise the hippocampal and uncinate gyri, which together with 
the gyrus fomicatus, constitute the cortical associative areas of the 
sense of smell and are, as will be shown, directly connected with the 
olfactory lobes These gyn were almost uniformly affected in the 
cases of Harbitz and Scheel Muller also noted a heavy involvement 
of one or more of them m two of his cases Hurst has recently made 
the highly significant observation that in his monkeys Ammon’s horn 
was involved m animals infected by the olfactory route, not in those 
inoculated by intracerebral injection 

Brain stein 

In the brain stem, the lesions show certain areas of predilection 
Harbitz and Scheel repeatedly note and comment on the frequency 
and relative seventy of involvements in and near the Sylvian fossa, 
at the antenor part of the basis cerebn, and m the basal ganglia 
This area includes the antenor perforated space, the areas surround- 
ing the optic chiasms, the infundibulum, tuber cmereum, corpora 
mammiUana, the feet of the cerebral peduncles, the interpeduncular 
space Of the basal ganglia the optic thalami suffer most frequently 
and severely It voU be noted that the interbrain, especially the 
hypothalamus and thalamus, is therefore the site of quite constant 
lesions of moderate or greater seventy In rare cases the lesions are 
almost limited to this area The mam details of such a case, reported 
by Harbitz and Scheel (50), are as follows A child of 7 years became 
suddenly ill with fever, somnolence, and twitchings in the left arm 
and leg, d 3 ang on the fourth day An acute encephalitis of the left 
optic thalamus was found, with edema, hemorrhage, softening and 
intense cellular infiltration Lesions were not found m other parts 
of the central nervous system Thirteen cases of pohomyehtis 
occurred m the same city (Knstiama) suggesting that this case was 
of the same nature 

In the midbram, lesions are also frequent and sometimes severe 
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Thus, Harbitz and Scheel noted uith especial frequency typical 
changes in or near the red nucleus and the substantia nigra A 
peculianty of distribution is that in the midbrain, the lesions are as a 
rule at or below the level of the aqueduct (tegmental region) and rare 
in the tectal portion (corpora quadngemma, etc ) which is mainly 
concerned with visual function The oculomotor nuclei are occa- 
sionally but exceptionally involved 
The gray matter of the pons and medulla shows more severe and 
even more constant changes, but with local differences To quote 
Harbitz and Scheel 

In the actual white substance, the signs of inflammation were relatively 
slight, almost free of inflammation (apart from a marked hyperemia) were 
the pyramids, the most anterior parts of the pons, the olives likewise 
but little was found tn the nuclei of the columns of Goll and Burdach and in the 
crura cerebelli Strongly marked on the other hand w as the mflamma- 
tion in the gray substance and specifically, in the posterior and medial parts 
of the medulla oblongata and pons, above all, m the substantia reticularis j/tlh 
its numerous groups of ganglion cells, also in the entire floor of the fourth ven- 
tricle were seen inflamed and mfiltrated vessels, but the inflammation as a 
rule was more marked in the form of numerous larger and diffuse foci m the 
deeper layers of the substantia reticulans 

As regards the cerebellum, Harbitz and Scheel found little except a 
meningeal reaction espeaally m the portions adjacent to the medulla 
and pons They say “In the substance of the cerebellum the signs 
of inflammation were shght throughout, especially m both herm- 
spheres where it was almost absent ” In some cases some changes 
were found m the dentate nucleus, infenor vermis on the w hole, 

in parts bordering on the medulla and passing over into the latter ” 

In the spinal cord itself, the distnbution of changes is so well known 
as perhaps not to require exhaustive review The cervical and lumbar 
enlargements are the seat, as a rule, of the most severe and extensive 
changes The postenor horns are perhaps almost as frequently, but 
by no means as severely, affected as the anterior, where the cell 
degenerations reach their height The columns of Clarke are fre- 
quentlj, occasionally severely, involved No particular localization 
i.vithin the antenor horns is constant, all groups including the lateral, 
being noted in one case or another as involved 



122 


HAROLD KNIEST RABER 


The frequency of involvement of the intervertebral gangha in man 
was first noted by Forssner and Sjovall (48), and by Cadwalader (11), 
who found lesions m them m practically all cases, as a rule assoaated 
with lesions m the posterior horns of the cord With the exception of 
Harbitz and Scheel, all mvestigators who have paid attention to these 
structures have foimd them mvolved Even Harbitz and Scheel, 
who concluded that they did not show definite signs of mflammation, 
noted m some of their cases an mfiltration with polymorphonuclear 
leucocytes The demonstration by Flexner and Lewis (42), Flexner 
and Clark (36), and Flexner, Clark and Amoss (39), of virus m these 
structures durmg the early, preparalytic period of the expenmental 
disease is highly sigmficant, and it is noteworthy that the virus was 
also found (39) in an intervertebral ganghon of a human case 

Changes m the peripheral nerves have not been found during the 
acute stage of the disease 

As respects the white substance — ^besides some penvascular in- 
filtrations which probably ongmate in the gray matter — early de- 
generative changes in the nerve fibers have occasionally been detected 
Thus, Rissler (90) found sweUmgs and pecuhar tortuosities and head- 
ings of axis cylmders Such changes are doubtless indications of 
death of the nerve cells 

Snmmaiy We may bnefly summanze the distnbution of the le- 
sions m the central nervous system as follows 

1 Relative freedom of the neopalhal cortex 

2 Frequent, moderate involvement of the archipaUial (olfactory) 
cortex 

3 Frequent, moderate to severe involvement of the mterbram, 
especially the hypothalamus and thalamus 

4 Frequent, moderate mvolvement of the tegmental portions of 
the midbram 

5 Relative freedom of the cerebellum 

6 Frequent, moderately severe, mvolvement of the gray matter of 
the pons and medulla, especially the region of the floor of the IV 
ventnde, formatio reticulans and bulbar nuclei, exceptmg the cuneate 
and gracile 

7 Moderate or moderately severe mvolvement, m the cord, of the 
posterior horns and intervertebral gangha, the latter, at least, being 
involved before paralytic signs appear 
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8 Ma^amal involvement, m so far as ganglion cell degeneration is 
concerned, of the antcnor horn cells 

Lesions in tissues outside the central nervous system 

Some space finally must be devoted to a discussion of the patho- 
logical changes found mth considerable frequency, though without 
absolute regularity, in tissues outside the nervous system Harbitz 
and Scheel (SO) state (p 108) that the findings were in most cases 
negative 

Trank signs of a general infection such as ne assume to be present from 
the first begmmngs of the disease were usuallj not found, to be sure, as has 
been mentioned, most fatal cases do not occur till the seventh to ninth day 
after the onset of the disease, swollen spleen n as, houever, demonstrated in 
case X In the intestinal canal, also, normal conditions were found 
The vien eiqiressed by one of us (Harbitz), that acute pohomyehOs in some 
cases might have found the intestinal canal as a possible atnum, therefore 
finds no support herein 

It is interesting in view of the frequently precedmg angina, to which 
significance has also been attributed as an atnum, to note the result of our 
mvestigations of the neck and nose In case VIII, the tonsils and throat 
were pale and without signs of inflammation, in case XI the throat and nose 
ivere very closely caamined (also microscopicallj ) with negative results, in 
case Xni, nothing abnormal was found also in the accessory sinuses of the 
nose 

Wickman (104) apparently found extranervous lesions somewhat 
more frequently He says 

Since the Heme-Medin disease is an mfectious disease, one can expect 
signs of a general infection to be demonstrable In fact, too, swelling of the 
spleen is present in many cases, at tunes cloudy swellmg, indeed even a mani- 
fest inflammation of the kidneys appears Exceptionally, subpencardial 
and subpleural hemorrhages are observed which are perhaps, at least in part, 
to be attributed to the respiratory disturbances setting m toward the end 
More frequently than the changes mentioned there appear a snellmg of the 
lymphoid apparatus of the intestine, the Pe>er’s patches and sobtaiy folli- 
cles, as first mentioned by Rissler WheAer this is to be asenbed to a 
local action of the poison or to the general infection is at present uncertain 
Beneke found a moderate swellmg of the tonsils with purulent deposits 



124 


HAROLD KNIEST FABER 


More important, and these changes are alo7ie characteristic of the disease, 
however, aie the changes in the central nervous system (Italics added) 

Muller (82) says (p 32) 

Gross and constant lesions, characteristic of poliomyehtis, m the internal 
organs were not found in our autopsies In our sectioned cases m 

which an enteritis was usually climcally absent, the anatomical changes 
in the intestme m the form of swelhng of the sohtary folhcles and the mes- 
enteric lymph-nodes, as well as reddemng of the mucosa, were relatively 
slight and mconstant Also, tumors of the spleen are by no means 

regularly present, m acute poliomyehtis generally they customanly attam 
only moderate size The heart was shown macroscopically to be 

healthy The hyperemic liver and the kidneys often show paren- 

chymatous degeneration, m the adrenals, pancreas, thyroid, parotid and 
thymus substantial findings were absent m our cases 

Considering the character of the above plam statements, which 
mdude (Harbitz and Scheel, and Wickman) an assumption that 
pohomyehtis is a general mfection, and also an estimate of the fre- 
quency and character of the extranervous lesions, the writers of the 
Rockefeller Monograph (86) are not quite accurate when they say 
(pp 19 et seq ) 

The attention of observers has been almost wholly centered on the lesions 
of the central nervous system, and m consideration of the fact that the most 
striking disturbances, both pathological and clinical, are associated with the 
nervous system, this is not remarkable In view, however, of the very 
definite and constant changes which are found at autopsy in other viscera, 
it IS rather strange that they should have been almost wholly disregarded, 
and that so little emphasis should have been put on the fact that acute 
pohomyehtis is essentially a general mfection Rissler, Harbitz and Scheel, 
and Wickman have all noted the presence of lesions outside the nervous 
system, but have passed them by as havmg httle bearmg on the disease 
As a matter of fact, the recognition of acute pohomyehtis as a general m- 
fection has an important beanng both in explaining the climcal course of 
the disease and as affecting any possible means of treating it 

They go on to say (pp 22 et seq ) 

The changes which are found m other organs in acute poliomyelitis are 
less striking than those in the nervous system, but they have been, m our 



ACUTE POLIOMYELITIS 


125 


experience, practically as constant In all of the eleven acute cases which 
we have been able to examine, there has been more or less extensive m- 
volvement of the lymphoid hssue and of parenchymatous organs The 
lymphoid tissue throughout the body appears to react to the virus The 
Peyer’s patches of the intestine and the mesenteric glands show perhaps the 
most marked acute swellmg The mucosa over the Peyer’s patches is, 
however, unaffected There is also definite, and sometimes pronounced 
enlargement of the substemal, bronchial, cervical, axillary, and inguinal 
lymph glands and of the tonsils The spleen is frequently somewhat en- 
larged, and on section the Malpighian corpuscles stand up in raised, pale, 
obviously translucent nodules The thjmus shows changes identi,"al with 
those in the lymphoid tissue elsewhere The reaction is, in general, 

the same throughout the lymphoid tissue, regardless of its location On histo- 
logical examination some of the lymphoid nodules may present a normal 
appearance, but the majonty consist of a zone of lymphocytes surrounding a 
more or less sharply circumscribed pale center High magnification shows 
the center of the lobule to consist chiefly of large endothehal cells with oxsil 
vesicular nuclei These cells are similar to the cells hmng the lymph si- 
nuses, but most of them are larger, more swollen, and take the stain very 
lightly Sometimes the nuclei look like pale shadows, and the outline of the 
protoplasm is so faint that it can scarcely be distinguished The 

better preserved of these cells are markedly phagocytic and frequently 
contam manj particles of necrotic cells These cell inclusions are sur- 
rounded by a lightly stamed halo and are apparently situated in vacuoles in 
the protoplasm Scattered throughout the center of the nodule are many 
broken down cells and granular fragments of necrotic nuclei The cells 
which are going to pieces are for the most part lymphocytes, but the endo- 
thehal cells also seem to swell up and finally dismtegrate In areas with 
extensive necrosis there is often an invasion by polymorphonuclear leuco- 
cjtes 

In the lymph sinuses there are also large numbers of the same phagocytic 
endothelial cells Many of them are of great size and contam necrotic 
fragments of nuclei, whole lymphocytes, or numbers of red blood corpuscles 
In the lymph sinuses, there is extensive proliferation of the endothelial 
cells, as IS evidenced by the frequency with which mitotic figures are found 
Numbers of necrotic cells are met with m the lymph sinuses, but, in general, 
necrosis is a more prominent feature m the centers of the lymphatic nodules, 
and proliferation in the lymph sinuses 

Among the parenchymatous organs, “cloudy swelling, such as has 
been frequently desenbed, is usually met with ” The focal necroses 
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in their order of frequency at vanous stages of the acute penod 
Those plainly or presumptively of nervous origin have been starred 
(*) The reasons for regardmg some of the symptoms (e g , vomiting) 
as nervous will be given m the subsequent discussion 
Table 2 gives a list from another epidemic, with a still larger number 
of cases 

TABLE 1 

New York Epidemic of 1907, about 746 cases. La Fetra and Schwarz (67), symptoms of the 

first few days 


Fever 684 

Pam and tenderness 472* 

Restlessness 369* 

Apathy 294* 

Vomiting 276* 

Constipation 220 

Headache . . 162* 

Diarrhea 143 

Rigidity of the neck 121* 

Stupor 71* 

Dehnum 62* 

Chills 61 

Convulsions 51* 

Rapid heart 37 

Photophobia 26* 

Rapid respiration 20 

Dysphagia 19* 

Sore throat 18 

Respiratory abnormalities (irregularities^) 14 

Cardiac abnormalities (slow, irregular) 8* 

Twitchings 8* 

Sluggish or irregular pupils 6* 

Retention of urme 5* 

Numbness 3 * 


Allowing for some differences m terminology, the early symptoms 
in these two large senes may be combined to give a somewhat clearer 
picture of the preparalytic stage as a whole The 10 commonest 
symptoms, or symptom groups, are given m table 3 
Muller’s (82) senes of 58 cases— from which the preparaljdic symp- 
toms have been tabulated as a whole — deserves separate consideration 
Muller apparently followed a systematic plan of questioning in ob- 



ACUTE POUOMYELITIS 


129 


ttuning his histones which resulted in a much fuller descnption of the 
early symptoms and brought out certain highly significant data not 

TABLE 2 

New York Epidcmc of 1916, ISOO cases, New Yorh Board of Eeolih Keport (50), sym/'iems 
cl Ihe Ume of onset 

Fever 

Nausea and vomiting 
Malaise and wcaknesst 
Headache 
Constipation 
Imtabihty 
Diarrhea 
Coryza 

Rigidity of neck 
Tonsilbtis 
Peripheral pain 
Twitchings 
Pharyngitis 
Prostrauont 
Convulsions 
Cough 

t Malaise, weakness and prostration probably arc insufficiently descriptive terms for 
what were probably in many instances definitely nervous disturbances The common 
initial drowsiness of pohomycUtis, not mentioned in the list, may be included under 
prostration 

TABLE 3 

Ten commonest early symptoms, tables 1 and 2 


Fever 

1,490 

Nausea and vomitmg 

752* 

Pam and tenderness 

529* 

Irritability, restlessness 

494* 

Apathy, stupor, prostration 

414* 

Constipation 

368 

Headache 

367* 

Diarrhea 

265 

Rigidity of neck 

195* 

Coryza 

78 


806 

476* 

255 

205* 

148 

125* 

122 

78 

74* 

65 

57* 

57* 

57 

49 

47* 

45 


noted in earlier reports The summary (table 4) is mine, made from 
the case reports in his monograph 

A rough grouping of the symptoms noted m Muller’s senes may be 
attempted and is of some interest (table 5) 
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Muller’s case reports and his discussions bring out rather forcibly 
the facts first, that the restlessness of this stage of poliomyehtis is 
usually a nocturnal phenomenon, frequently associated with drowsi- 
ness by day (a genuine sleep reversal, in fact, apparently quite like 
that of lethargic encephalitis), that disturbances of the vegetative 
nervous system and mechanisms are very frequent, that psychic dis- 


TABLE 4 

Ftfly-etgU cases, Hesse-Nassau Epidemic of 1909 {Muller), preparalylic symptoms in order 

of frequency 



NtJUBER 

PER CENT OP 
CASES 

Fever 

48 

83 

Sweating 

30* 

52 

Restlessness 

30* 

52 

H}T)eresthesia, general 

26* 

45 

Lassitude 

26 

45 

Loss of appetite 

25 

43 

Drowsiness 

22* 

38 

Constipation 

22 

38 

Vomiting (21), nausea (1) 

22* 

38 

Pains, localized 

18* 

31 

Headache 

11* 

19 

Diarrhea 

10 

17 

Urinary disturbances 

g* 

16 

Cough 

9 

16 

Stiff neck 

8* 

14 

Snuffles 

5 

9 

Stiff spme 

S* 

9 

Rolhng of eyes 

S* 

9 

Chills 

5 

9 

Twitchings 

4* 

7 

Other symptoms (each less than 4 times) 

36 


Total symptoms 

376 



turbances — a point to which we shall return — are also common, that 
frank sensory disturbances (usually generahzed at the very onset) 
are also common, that pnmary respiratory disturbances are relatively 
uncommon, that, of the gastrointestmal disturbances, few point to an 
actual gastroenteritis (this point will also be again discussed), and 
that “meningeal” disturbances are not infrequent, altogether, a 
cerebrospinal, rather than a “systemic,” complex of symptoms 
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TABLE 5 

Classification of s-^mptoms tn Muller's cases 



KVllBES 

TER CENT or 
TOTAL 

sywTTous 

A Fever (48) and chills (5) 

53 

14 1 

B Disturbances of sleep 

55 

14 6 

Drowsiness, alone 

9 


Drowsmess by day (with restlessness at night) (sleep 



rev ersal) 

13 


Restlessness, alone 

9 


Restlessness at night 

8 


Restlessness at night (with drowsmess by day) 

13 


Sleeplessness 

2 


Bad dreams 

1 


C Subjective and miscellaneous psychic or cerebral dis 



turbances 

42 

11 2 

I assitude (usually extreme) 

26 


Rolling of eyes 

5 


Gnashing of teeth 

2 


Peevish, irritable 

2 


Convulsions 

1 


Dehnura 

1 


Apprehensiveness, apathy, weeping, feeling of weak 



ness, staring look, each 1 

5 


D Disturbances of vomiting mechamsm i 

47 

12 5 

Vomiting 

21 


Isausea 

1 


Loss of appetite* 

25 


E Sensorj disturbances 

50 

13 3 

Hyperesthesia, general 

26 


H>’peresthesia, localized 

5 


Pams, localized 

18 


Paresthesia 

1 


r Meningeal and/or posterior horn, root or ganglion dis 



turbances 

25 

6 7 

Headache 

11 


Stiff neck 

8 


Stiff spme 

5 


Stiff legs (with pain) 

1 


G Disturbances of v egetative 6> stem 

64 

17 0 

Sweating 

30 


Constipation 

22 


Bladder dysfunction 

9 


Salivation 

1 


Tachycardia 

1 


Pallor 

1 



• Vide Dumpert (21) 
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TABLE S — Concluded 



NUIIBER 

PEE CENT or 
TOTAL 
SYMPTOMS 

H Miscellaneous nervous disturbances 

9 

2 4 

Twitchings 

4 


Weakness (local) 

2 


Unsteady gait 

1 


Vertigo 

1 ' 


Tinnitus 

1 


I Respiratory tract disturbances 

21 

5 6 

Cough (shght, 6) 

9 


Snuffles 

5 


Bronchitis 

3 


“Angina” (2), tonsillitis (1) 

3 


Hoarseness 

1 


J Primary digestive disturbances 

10 

2 7 

Diarrhea 

10 


Total symptoms of nervous order (groups B, C, D, E, 


■M 

F,G,H) 

292 


Fever, chills, (group A) 

SO 


Other symptoms (groups I, J) 

31 

u 


The three series of cases, as has been said, throw together all the 
symptoms of the preparalytic phase of the disease If we are m- 
terested m separating those of the very beginnings of the disease 
from the subsequent, but still preparalytic, symptoms we may turn 
to the 34 case reports of the Rockefeller Monograph (86) and the 81 
of Draper’s “Acute Pohomyehtis” (19), where an effort has been 
made to record the symptoms in the chronological order of their 
development 

For convenience, in the ensuing pages the symptoms will be divided 
mto four groups representmg four successive phases of the disease, 
defined as follows 

First phase symptoms at the very beginning. 

Second phase, symptoms subsequent to the onset but precedmg 
the appearance of paralysis, 

Third phase* symptoms present at the onset of paralysis. 

Fourth phase penod of recovery 

While the dividing hne between the different phases is in some 
degree artificial and, as will be seen, a considerable amount of over- 
lapping occurs, the groupmg will be found to correspond vuth actual 
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TABLE 6 


One hundred fifteen cases, tmlial symptoms, first phase, RocheJeUer Monograph and Draper 


Fever 

VomiUng 

Drowsiness 

Restlessness, irritability 

Headache 

Vaguet 

Pam or hyperesthesia 

Constipation 

Loss of appetite 

Apathy, quiet, hstless 

Diarrhcat 

Chills 

Sore throat 

Stiff neck 

Sweatmg 

Tonsillitis 

Slight cough 

Twitching 

Vertigo 

Initial paralysis 


NcnnsER 


PEK CEKT OP 
CASES 


75 

35 

30 

29 

25 

22 

21 

14 

10 

10 

7 

4 

3 

3 

2 

2 

2 

1 

1 

1 


66 

30* 

26* 

25* 

22 * 

20 

18* 

12 

9 

9* 

6 

3 

3 

3* 

2 * 

2 

2 

1* 

1 * 

I* 


Total symptoms 


297 


t “Felt poorlj,” “felt sick” “indisposed,” “taken sick ” “appeared ill," “not quite so 
well as usual," “ill," “gone feeling in stomach,” “tired feeling,” “seemed dull " 

X Noted as “slight” in 5 cases, as “green stools,” m 1, as “a cohtis” (apparently of 1 
day duration), in 1, no further description or note, m 1 


TABLE 7 
Summary 



HmiBEX 

PEE CENT OP 
TOTAt. 

Total symptoms of nervous order 

158 

53 2 

Fever * 

75 

25 2 

AU other symptoms ' 

Or, for comparison with the nei^t table, if we exclude {e\ cr 

64 

21 6 

Nervous sjmptoms i 

158 

ri 1 

Other I 

64 

28 9 


qualitative differences in symptoms and in some instances to be 
marked by definite intervals of symptomatic silence between phases 
Tables 6 and 7 have been made by myself from the 115 case reports 
m the two monographs 
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It Will be noted that among the “other symptoms” are included 
constipation, loss of appetite and the “vague” group The sig- 


TABLE 8 

iMicr preparalyhc symptoms, second phase, Rockefeller Monograph and Draper 



NUMBER 

PER CENT OP 
CASES 

Fever (not always specifically mentioned, probably always 
present) 



Pains, tenderness, hyperesthesia 


32* 

Stiflf neck 

36 

31* 

Neck or spine painful on flexion 

28 

24* 

Headache 

28 

24* 

Drowsmess, stupor 

26 

23* 

Vomitmg 

25 

22* 

Restlessness, irntabihty 

20 

17* 

Constipation 

18 

16 

Apathy, quiet, hstless, dull 

12 

10* 

Twitching 

12 

10* 

Loss of appetite 

7 

6 

Ataxia 

6 

5* 

Retention of unne 

' 5 

4* 

Dehnum, irrational, clouded consaousness 

4 

3* 

Apprehensiveness 

3 

3* 

Local weakness, without paralysis 

3 

3* 

Tremor 

3 

3* 

Convulsions 

2 

2* 

Sweating 

2 

2* 

Wild behavior, nystagmus, choreiform movements, clonus, 



diarrhea, cough, each 1 (4*) 

6 

♦ 

Total s3Tnptoms 

283 



f SjTnptoms in italic show great increase in frequency in second phase as compared 
with first phase 


TABLE 9 
Summary 




PER CENT OF 



CASES 

Nervous symptoms 

256 

90 5 

Other (constipation, 18, loss of appetite 7) 

27 

9 5 


nificance of these and other symptoms will be presently discussed 
The very small number of frank respiratory and primary gastro- 
intestinal disturbances should be noted 
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The subsequent, preparalytic symptoms (second phase) m the 
same senes of cases are listed, also m order of frequency, in table 8 
In Draper’s 81 cases, the knee jerks at the first examination (nearly 
all m the preparalytic stages) were mcreased on one or both sides 31 
times, doubtful, 7 times, absent, 8 times, normal, 7 times, unequal, 
7 times, the Kemig sign was positive 16 times, doubtful once Notes 
on these signs are not given in all cases 
Forty of the 115 cases did not develop paralysis The symptoms 
present at or verj' shortly after the onset of paralysis (third phase) 
m the remainmg 65 cases are shown m the following table 
A companson of the symptomatic differences at the successive 
penods in the acute stage of poliomyelitis is afforded by the relative 
frequencies of the different symptoms in the last three tables Thus, 
the five commonest symiptoms otlier than fever in order each are 
First phase Vomiting, drowsmess, restlessness/imtabihty, head- 
ache, vague (mostly subjective) , 

Second phase Pains/tendemess/hyperesthesia, stiff neck, pain on 
flexion of neck or spine, headache, vomiting. 

Third phase Paralysis, pain on flexion of neck or spine, drowsmess, 
pains/tendemess/hyperesthesia, vomiting 
Without forang the statistical analysis of a relatively small number 
of cases with histones necessanly somewhat incomplete, it is fair to 
conclude, first, that the predominant symptoms m all phases are of a 
nervous order,® second, that they suggest a certain order of progression 
that may well be compatible with a characteristic mode of advance in 
pathology within the central nervous system This order of advance 
in a general way would appear to be, cerebral (intracranial) — Slower 
sensory — lower motor 

In attempting to define somewhat more closely, on the basis of the 
chmeal manifestations, the probable ongin of the symptoms and, 
from the origin, the route followed by the advancing infection, it is 
necessary to discuss some of the symptoms m detail 

First phase 

While the first phase is seen from the tabulation of symptoms to 
consist of a complex of fever, drowsiness/apathy /listlessness, alter 

•Amoss (2) has recently remarked of the onset symptoms “Any of the symptoms 
mentioned may result from incolvemcnt of the central nervous system ” 
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natmg with restlessness and irntabihty, headache, vomiting, loss of 
appetite, hyperesthesia, pams, constipation or diarrhea, and other 
less frequent s)nnptoms, certain parts of the picture do not come mto 
clear focus until more detailed chnical descriptions are supplied At 
this period of the disease there is a psyche change closely associated 
with dtstui bailees of sleep which m some degree or other is very frequent 
and charactenstic With it in a certain, imdetermined proportion 
of cases, is associated a general hyperesthesia that Muller differentiates 
from the local tenderness and pain so frequent at a somewhat later 
stage, and which appears to consist of a heightened sensitiveness to 
stimuh, especially painful, from aU parts of the body Draper (19) 
gives a beautiful descnption of the peculiar psyche changes at the 
onset Considerably condensed it is as follows 

there seems to be little doubt in the minds of those who have 
seen much of the earhest hours of the disease that a very definite and 
charactenstic clmical picture presents itself But it is difiScult by desenp- 
tive method to transfer an adequate impression of the subtile and striking 
difference between the onset hours of infantile paralysis and those of any 
other of the acute infectious diseases of childhood To say that the tem- 
perature IS elevated, often as high as 103“ or 104“ and that the child is 
flushed and imserable, that vomitmg often occurs and that drowsiness 
supervenes, does not offer sufficiently distmguishmg evidence of the special 
type of infection Nevertheless, this common symptom complex is shot 
through with dehcate manifestations that are unmistakably specific, but 
which must still be viewed as chnical impressions — those helpful though 
mdefimte aids m diagnosis 

Now when infantile paralysis becomes epidemic in a locahty which has 
been previously free from its presencei, the physicians m that territory soon 
appreciate this difference from the usual illnesses of children 
there is a look of mmgled apprehension and resentfulness, quite unlike the 
alert, bnght and shinmg eye of other fevers. The psychic change respon- 
sible for this look finds further expression in a characteristically annoyed 
shruggmg of the shoulder which occurs when the child is touched or simply 
spoken to Indeed there is frequently a snarlmg whme of resentment which 
IS synchronous with this gesture of discontent (In) cases of over- 
whelming infection there are other striking phenomena The child 

IS restless, breathes rapidly and seems to be busily and actively resisting 
some incomprehensible disturbance of its usual comfort In these in- 
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stances, the irritability and resentful manner are not marked, but the whole 
organism seems to be composed of tensely drawn wares— a universal over- 
stimulation This pressor state of the nervous system is so marked that a 
sort of impulsive ataxic tremor is present in every motion, especially when 
that motion has intent It is intcresUng to recall at this point 

that the very earliest symptoms in the monkey are not at all 

unlike those ]ust described, for the animal becomes highly excitable and 
seems to develop the same state of intense excitability of the entire nervous 
system Usually a few cases are met with whose profound stupor masks all 
other signs and symptoms 

Muller’s description brings out the associated dtsliirbances of sleep, 
and some other points He says 

Only at the beginning of the disease have we seen marked psychic dis- 
turbances Only exceptionally have there been clouding of consaousness 
and delinum Even in fatal cases the sensonum usually remamed clear till 
death But quite frequently during the first days of illness the children 
were strikingly sleepy The little ones often slept night and day “sie 
warden von selbst fast gat mcht wach ” This sleepiness dunng the day- 
time, which was to be looked on as a certam apathy and hght somnolence, 
was accompanied by a marked restlessness during the night This restless 
sleep was accompanied by frequent crymg-out, confused dreams, raving, 
startmg, tossing about and pushing up to the head of the bed This rest- 
less sleep, disturbed by paroxysmal crying has already been observed by 
Heme He also emphasized the fearfulness of the little patients In fact, 
the children whose expression was not uncommonly descnbed as fixed 
(start), were often restless, tearful, peevish, irritable and anxious For the 
greater part this was the result of the “hyperesthesia " In a two year old 
child the initial sleepiness was mterrupted by a one day period of patho- 
logical vivacity, with a great and precipitate loquaaousness 

These experiences harmonize with those of other observers 
They descnbe as especially outstanding the restless, tearful, anxious and 
irritable state of the children 

At this point we may also note Muller’s descnption of certain other 
symptoms common at the very onset of the disease Muller is almost 
alone in calling attention to the finer details of some of the neuro- 
logical findings Of hyperesthesia, he says 

We have descnbed the extraordinary painful sensitiveness of the chil- 
dren to every touch and passive moUon at the begmmng of the disease as an 
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extremely frequent and correspondingly pathognomonic early symptom 
This hyperesthesia is very easily overlooked, since it usually appears early 
and soon afterwards disappears In almost nme-tenths of aU our 

cases this hyperesthesia was present Its chnical picture vaned As a 
rule we were apparently dealmg with a skin hyperesthesia beginning very 
early Even with the most cautious examination by the doctor — mdeed, 
when the mothers gently laid hands on the children — they would begin to 
cry loudly In their anxiety not to be touched they not infre- 

quently, even at the approach of members of the family, drew the bedclothes 
over their heads At any attempt to care for them, the children held fast 
to the bedclothes and often cned if these were taken away This 

hyperesthesia to touch affected almost the entire body Many 

children during the early beginnings of the disease, despite their frequent 
psychic unrest, tearfulness and anxiety, lay as quietly and stiU m bed as 
possible 

Sweating was also frequently noted by Muller, less frequently by 
other observers Muller says 

The second important cardinal symptom of the early stage is 
the striking tendency to sweating We found it in three-fourths 

of our cases Usually the severe outbreaks of perspiration occur only 
during the first days of the illness or only at the very onset the 

whole body seems to participate m it Often the tendency to 

severe sweatmg is marked for weeks or even months ® 

Gastromteshnal and gemtonrinary disturbances constitute another 
important group of early symptoms of these vomiting is the most 
common, constipation less so, and diarrhea least The incidence of 
diarrhea varies greatly m different epideimcs, but a certain number of 
cases IS observed in practically all Loss of appetite is even commoner 
than constipation and only less common than vomiting Early 
letention of urine was comon in Muller’s senes and occasionally noted 
in others The ongin of these and other symptoms is to be presently 
discussed and the associations of gastrointestinal and other symptoms, 
especially, is therefore of considerable interest From a tally of 

“ The epidemic from which Muller’s cases were drawn apparently ran from August, 
1909, to January or Februaiy, 1910 Its height was attamed m October and November 
dunng -n hich two months 40 of his 58 cases had their onset The frequent sweating there- 
fore was probably not related to hot weather 
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Draper’s 81 cases vomiting was associated with fever 14 times, with 
headache and drowsiness each, 6 times, with pains or hjiieresthesia, 
3 times, with restlessness/irntabihty, 3 times, and with other symp- 
toms not more than once each Constipation (10 cases) was asso- 
ciated mth restlessness/irntabihty 5 times, with vomiting, 3 times, 
with headache and drowsiness each twice, with the vague group of 
symptoms, twice, and with no other more than once Diarrhea (S 
cases) was associated with drowsiness twice, vomitmg once, and with 
no other symptom more than once The diarrhea did not m these 
cases appear to have the character of a true ententis Not only was 
it slight but it was m all cases qmte transient, and marked by absence 
(m the record, at least) of pain, tenesmus, bloody stools, dehydration, 
etc In some of the epidemics, there has undoubtedly (as Muller 
remarks) been a coincident epidemic of ententis, since both diseases 
arc charactenstically of the sumer months and the same age group of 
>oung children and infants This was not the case m some other 
epidemics, such as that of 1916 on which Draper’s study was based, 
and here it would seem fair to describe the diarrhea as nothing more 
than a transient increase of penstalsis without enteritis It is perhaps 
sigmficant that diarrhea has been noted in the early stages of expen- 
mental poliomyelitis in the monkey by vanous investigators, even 
after intracerebral inoculation (Flexner and Lewis (46), Romer (91)) 

The conshpaiion, as well as the bladder disturbances, in polio- 
myehtis have certain features that deserve attention They both 
appear to be due to some interference with the relaxing mechanism of 
evacuation rather than to paresis of the musculature Meteonsm is 
rarely seen m connection wuth the constipation, and Muller noted that 
attempts at mictuntion were usually accompanied by pain (spasm?) 
Both these appear to be of nervous order, with interference in auto- 
nomic control Muller classes them together as due to paresis of die 
musculature 

The iionnting of poliomyelitis is not characteristically projectile 
(Rockefeller Monograph), not often associated with headache (once 
only at the onset m Draper’s), but has no relation as a rule to the 
ingestion of food or indiscretions of diet nor to other gastromtestmal 
disturbances (in Draper’s cases, once associated with diarrhea and 
three times with constipation in the 14 cases) It seems highly prob- 
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able that the vomiting of poliomyebtis is usually, if not always, of 
central origin 

^ The headache so frequently present at the onset also has certain 
pecuharities It may be frontal or occipital or general It is rarely 
if ever hemicramal It is frequently associated mth vomiting (6 
times m Draper’s cases) It is sometunes associated with stiff neck, 
but not as a rule 


TABLE 10 

Signs and symptoms at or soon after onset of paralysis {65 cases), third phase, Rockefeller 

Monograph and Draper 



NUUBEU 

PEU CENT OF 
CASES 

Fever (almost always present — not always specifically 
stated) 

Paralysis 

65 

100* 

Neck or spme pamful on fletion 

27 

42* 

Drowsiness (22) and coma (1) 

23 

35* 

Pams, tenderness, hyperesthesia 

22 

34* 

Vomiting 

10 

15* 

Restlessness and imtability 

8 

12* 

Constipation 

9 

14 

Red throat 

7 

11 

Headache 

4 

6* 


Other symptoms noted less than 3 tunes each 


Summary 



NTTIIBEE 

PER CENT OF 
CASES 

Nervous symptoms 

■■ 

85 8 

Other 

■■1 

1 14 2 


Less frequent or less frequently noted symptoms of the early stage 
are tachycardia, cardiac arrhythmias, flushing of the face, rapid 
respiration, dilatation of the pupils, photophobia (Muller) — all sug- 
gestive of vegetative dysfunction 

Summary The symptoms of the mitial stage may reasonably be 
grouped somewhat as follows 

(a) Psychic, “affective,” disturbances without loss or clouding of 
consciousness, apprehensiveness, anxiety, fear, awareness of present or 
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impending bodily disturbance, all of ■which may be summed up as a 
disturbance of “feeling tone ” 

(b) Disturbances of the mechanism of sleep, drowsiness, restless 
sleep, insomnia, sleep reversal minor degrees seen m apathy, hstless- 
ness, 

(c) Disturbances of the vegetative system, sweating, flushing, dis- 
turbed intestinal peristalsis, disturbed autonomic control of rectum 
and bladder, tachycardia, dilatation of the pupils 

(d) Disturbances of the mechanism of vomiting, vomiting, nausea, 
loss of appetite 

(e) Disturbances of the general sense reception, particularly of 
pain, general hyperesthesia, heightened reactivity to sensory stimuli, 

(f) Headache, 

(g) Disturbance of temperature regulation, fever 

Sources of the neroous symptoms 

(a) The source of the psychic or afectiee group of symptoms is sug- 
gested, by their character and by the absence of loss or clouding of 
consaousness, as being in the so-called subcortical centers of con- 
saousness situated in the tntcrhram Similar symptoms, including 
hyperesthesia, have been desenbed by Henry Head as accompanying 
lesions of the thalamus where the great subcortical relay station of the 
sensory tracts is situated The association of lesions m the interbrain 
•with various affective responses to sensory impulses, such as fear, 
anxiety, rage, flight and defense reactions is well established (Tilney 
and Riley (99), Huber and Crosby (56), Hemck, (52) Demole (18) 
and others) As Tilney and Riley remark “Clmical evidence seems 
to be insistent that the thalamus is the center for affective tone,” 
and “psychic processes representing a certain degree of consciousness 
may he earned on by the thalamus independent of the cerebral cortex 
These processes are probably limited to painful sensations The 
thalamic centers are chiefly concerned with affective expenence ” 
Huber and Crosby state 

The thalamus prowdes for the affective tone of impulses, and is a primary 
center mvol ved in vanous types of emotional expression Normally, this 

center gives the emoUonal content to a given response The w ork of Head 
and Holmes indicates that the thalamus is closely connected with affective 
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able that the vomiting of pohomyehtis is usually, if not always, of 
central origin 

/.The headache so frequently present at the onset also has certain 
pecuhanties It may be frontal or occipital or general It is rarely 
if ever hermcranial It is frequently associated mth vonutmg (6 
times in Draper’s cases) It is sometimes associated with stiff neck, 
but not as a rule 


TABLE 10 

Sig7is and symptoms at or soon after onset of paralysis {65 cases), third phase, Rockefeller 

Monograph and Draper 



NUMBER 

PER CENT OP 
CASES 

Fever (almost always present — not always specifically 
stated) 

Paralysis 

65 

100* 

Neck or spme pamful on flexion 

27 

42* 

Drowsiness (22) and coma (1) 

23 

35* 

Pams, tenderness, hyperesthesia 

22 

34* 

Vomiting 

10 

IS* 

Restlessness and imtabihty 

8 

12* 

Constipation 

9 

14 

Red throat 

7 

11 

Headache 

4 

6* 


Other symptoms noted less than 3 times each 


Summary 



! 

NUMBER 

PER CENT OP 
CASES 

Nen'ous synnptoms 

150 

85 8 

Other 

25 

14 2 


Less frequent or less frequently noted symptoms of the early stage 
are tachycardia, cardiac arrhythmias, flushing of the face, rapid 
respiration, dilatation of the pupils, photophobia (MuUer) — all sug- 
gestive of vegetative dysfunction 

Summary The symptoms of the initial stage may reasonably be 
grouped somewhat as follows 

(a) Psychic, “affective,” disturbances mthout loss or clouding of 
consciousness, apprehensiveness, anxiety, fear, awareness of present or 
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impending bodily disturbance, all of which may be summed up as a 
disturbance of “feeling tone ” 

(b) Disturbances of the mechanism of sleep, drowsmess, restless 
sleep, insomnia, sleep reversal, minor degrees seen m apathy, hstless- 
ness, 

(c) Disturbances of the vegetative system, sweating, flushing, dis- 
turbed intestinal penstalsis, disturbed autonomic control of rectum 
and bladder, tachycardia, dilatation of the pupils 

(d) Disturbances of the mechanism of vomiting, vomiting, nausea, 
loss of appetite 

(e) Disturbances of the general sense reception, particularly of 
pain, general hyperesthesia, heightened reactivity to sensory stimuli, 

(f) Headache, 

(g) Disturbance of temperature regulation, fever 

Sources of the nervous symptoms 

(a) The source of the psychic or ajectuc group of symptoms is sug- 
gested, by their character and by the absence of loss or clouding of 
consciousness, as being m the so-called subcortical centers of con- 
sciousness situated in the tnterbram Sumlar symptoms, including 
hyperesthesia, have been described by Henry Head as accompanying 
lesions of the thalamus where the great subcortical relay station of the 
sensory tracts is situated The assoaation of lesions m the mterbram 
vath various afiective responses to sensory impulses, such as fear, 
anxiety, rage, flight and defense reactions is well established (Tilney 
and Riley (99), Huber and Crosby (56), Hemck, (52) Demole (18) 
and others) As Tilney and Riley remark “Chnical evidence seems 
to be insistent that the thalamus is the center for affective tone,” 
and “psychic processes representing a certain degree of consciousness 
may be carried on by the thalamus independent of the cerebral cortex 
These processes are probably limited to painful sensations The 
thalamic centers are chiefly concerned with affective experience ” 
Huber and Crosby state 

The thalamus provides for the affective tone of impulses, and is a primary 
center involved in vanous types of emotional expression Normally, this 

center gi\ es the emoUonal content to a given response The work of Head 
and Holmes mdicates that the thalamus is closely connected with affecUve 
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expenence and with the whole range of pleasurable and painful quahties, 
which are undisturbed when lesions are confined to cortical centers alone 

Herrick says 

In certain diseased conditions where the thalamus is isolated from its 
cortical connections by destruction of the thalamic radiations the functions 
of the thalamus itself come into the foreground of the clmical picture In 
this “thalamic syndrome” pure affective expenence is intensified The 
slightest stunulus may be extremely painful, but there is no intelhgent 
analysis of the experience or locahzation of the stimulus It is sheer pain, 
unmterpreted and better expressed by “it hurts” than by “I feel a prick m 
my hand ” 

There can be little question that the symptoms of group {a) and also of 
gjoup (e) {general hyperesthesia) haimomze so well with distmhed 
function (trrttahon) of the thalamus as to make it a reasonable assump- 
tion that they originate in this centet , even had not our survey of the 
pathology shovm that lesions, vascular and ganghonic, are pronounced 
and frequent in it Further, m relation to the pomt of entry and 
route of invasion, we may refer to the discussion of the anatomy of 
this region in relation to the olfactory paths and to Herrick’s statement 
quoted on p 107 

(b) There would appear to be as little doubt that the disturbances 
of sleep in pohomyehtis are due to involvement of the nervous mecha- 
nisms controUing sleep as there is in the case of lethargic encephalitis 
(to which in this respect pohomyehtis bears a rather stnkmg resem- 
blance) or of tumor The locahzation of the area doimnating sleep 
has been thoroughly reviewed by L’Hermitte and Toumay (76) and is 
based mainly on chmcal observations m brain tumors and lethargic 
encephahtis and on the stnkmg expenmental work of Demole (18) 
m cats Although there is some disagreement as to its total extent, 
the findings are in substantial agreement that the area responsible for 
the regulation of sleep and for the disturbances of sleep in disease is 
situated in the lowermost portion of the gray substance of the hy- 
pothalamus (tuber cmereum and its vicmity) (Demole) It will be 
seen, agam, that this area is exactly in the path of the basal tracts 
descending directly from the olfactory lobes, and at a place where the 
lesions of pohomyehtis are even more marked and common than they 
are elsewhere in the basal ganglia 
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(c) Disturbances of sympalhcltc function Bard (8) has reviewed 
the evidence on central control of sympathetic functions and con- 
cludes that 

the diencephahc representation of the sympathetic system con- 
stitutes that dominant central mechanism the existence of which is so 
plainly imphed by the tendency of the sympathetic nerves to discharge 
vigorously and as a whole under conditions of stress 

The following sketch of the central representation of the sympathetic 
nervous system is suggested by the physiological evidence at hand The 
preganglionic neurones which have their origins in the lateral horns of the 
thoracic and lumbar segments of the cord are normally under the control of 
supraspinal influences This control may be exerted continually and so 
lead to a steady discharge of impulses to postganghomc neurones or it may 
become evident only when the controllmg influence is set into action by 
circulatory, metabolic or reflex influences The tonic discharge is subject to 
both central excitahon and inhibition Functionally similar groups of 
preganglionic fibers are normally under the control of their respective bulbar 
mechanisms, which suffice for the ordinary tonic and reflex sympathetic 
discharges Higher levels are not essential for their activity Superim- 
posed upon these bulbospinal mechamsms is a dominant mechanism located 
at the base of the diencephalon and capable of causing a simultaneous dis- 
charge over the entire senes of preganghorac neurones The vanous func- 
tional activities of the sympathetic nervous system certamly appear to have 
a neural basis of this sort 

Huber, in his discussion of this paper, says of the pathways con- 
necting this diencephahc sympathetic center with the penphery 
“The visceral efferent discharges have not as yet been definite!}^ de- 
termined The main discharge-path appears to be through the pen- 
ventncular system and thence to the dorsal tegmental nucleus and 
through the fasciculus of Schultze to the bulbar centers ” This 
statement is ated with reference both to the pathways connecting with 
the olfactory tracts, already mentioned m the section of Anatomy, 
and to the pathways by which the advancing mfection rmght pass 
from the hypothalamus to the medulla and low er 
It appears that the sympathetic manifestations of the initial phase 
of poliomyelitis may, and probably do, have their origin in the hypo- 
thalamus in an area at the basis cranii closely adjommg the sleep 
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regulating center, wiiere lesions are frequent and marked, and m the 
path of the outgoing olfactory tracts 

(d) Disturbances of the vomiting mechanism The common symptom 
of loss of appetite has been included in this group on the basis of 
Dumpert’s (21) work He concludes that both nausea and loss of 
appetite have the same ongin and significance as vomiting Dumpert 
believes that all these disturbances are essentially due to circulatory 
changes mediated through a vasomotor center and represent an effort 
on the part of the controlhng mechanism to divert blood from distant 
plethonc or hyperemic areas, such as the splanchnic bed If this 
hypothesis is correct it would imply a control on the part of the vege- 
tative center in the diencephalon Until very recently, however, no 
center with a direct influence on the vomiting mechanism was known 
higher than that descnbed by Hatcher and Weiss (51) m the sensory 
nucleus of the vagus in the floor of the fourth ventncle Cushing’s 
(106) recent expenments, however, now point to the existence of an 
area m the hypothalamus near the third ventncle controlhng vanous 
parasympathetic functions, including vomiting The injection of 
pituitnn mto the third ventncle was promptly followed by retching 
and vomiting, along with other related symptoms Reasons have 
already been given why the early vomiting of poliomyelitis is not to 
be regarded as due to a local disturbance of the gastrointestinal tract 
Cushing’s production of vomiting by a stimulus apphed to the hypo- 
thalamus, an area known to be frequently and heavily mvolved m the 
pathology of pohomyehtis, is highly suggestive of the ongin of the 
initial vomiting of the disease The gray matter in the floor of the 
fourth ventricle is also the seat of mflammatory lesions in many 
cases and it is not unhkely that vomiting may onginate here, too, but 
perhaps at a shghtly later penod of the infection 

(e) Disturbances of sensation These have been discussed under (a) 

(f) Headache The headache of pohomyehtis is probably not 
ordinarily due to increased intracranial pressure In three of Draper’s 
cases (36, first senes, 6, 19, second senes) with headache at the onset 
the pressure was normal In the first globulin was present m the 
flmd, without increase of cells, while in the other two the cells were 
mcreased It is highly probable that the headache is a manifestation 
of an acute inflammatory intracranial process (hjqieremia ?) but the 
exact mechanism of its production cannot be defimtely stated 
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(g) Fever The localization of the center for the control of tem- 
perature IS apparently well established m the hypothalamus The 
work up to 1930, as reviewed by Bard (8), is m essential agreement 
on the point, and recently Keller and Hare (62) who extirpated the 
hypothalamus m cats appear to have furnished conclusive proof of it 
They say “These observations indicate that the chief central mech- 
anism controlling heat production is located in the hypothalamus, 
and that extirpation of this region releases the heat loss mechanism, 
located elsewhere, from coordinated control ” That fever clinically 
observed in disease onginates in this general area has long been believed 
(Hewlett (53)) Knowing the frequency of lesions m pohomyelitis, 
we may suppose that they, rather than some indirect or general toxic 
effect, are responsible for the fever which is almost, if not quite, 
invanable at the onset of the disease 
It has been shown that almost the entire symptomatology charac- 
tenstic of the onset of pohomyehtts is traceable to the diencephalon, par- 
ticularly the hypothalamus and thalamus “ The objection to ascribing 
them to lesions directly resulting from the presence of, and immediate 
reaction to, the virus itself in that area, may be made that similar 
symptoms accompany the onset of various general infections in which 
presumably no inflammatory disturbance is present there due to the 
direct effects of the causative microorganism The answer to this 
objection is twofold First, the chnical syndrome is, as has been 


” Case 31 oE the Rockefeller Monosraph series affords further evidence of the localisa- 
tion of infection in the infenor region of the interbrain A boy of four and three quarter 
years showed at the onset, during an evening, headache and a little fever The next day 
he was feverish, very dtowsy, vonnted, and it was noted that he was unable to move his 
eyes so as to look downward He could close them and move them normally in other 
directions The pupds reacted to light and accommodation Photophobia was marked 
The knee jerks, when obtained, were active The superficial reflexes were active The 
Babinski was doubtful but the Oppenheun was positive The spinal fluid showed 320 
cells and a slightly positive test tor globulm No other paralysis, exceptmg a slight in- 
temal squmt and loss of convergence developed 

The paralysis of vertical gaze in this case was plainly due to involvement of the corpus 
subthalnmicum (see Tilney and Riley, p 617) in which an aberrant portion of the pj ramidal 
tract IS represented, connecting with the corpus striatum and the oculomotor nuclei 
At the same time, the rant> of such cases in poliomyelitis points to a tendency of the 
infection to continue in directly coramuracating tracts mther than to spread to their 
anatomical neighbors The visual and olfactory tracts, although closely adjoining each 
other m the mterbram and midbram appear to have rather few interconnections 
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Draper’s own cases therefore fail to bear out his conception of the 
disease, which is most clearly seen in his semidiagrammatic formula- 
tion on p 42 of his book, and which has taken such strong hold on 
chmcians in this country His conception of the disease is that it 
consists of two periods separated by greatly varying mtervals Dunng 
the first, the symptoms are variously those of fever, dullness, irri- 
tabihty, drowsmess, resentfulness, vomiting, etc and the fluid is 
“dear Pressure shght or greatly mcreased Amount increased 
Cells 0-5 Globuhn 0-± or -f ” Dunng the second phase, the 
characteristic neurological signs appear and the fluid then shows in- 
creased cells, strongly positive globuhn test, pressure normal or in- 
creased 

It would appear, on the contrary, that the changes in the spinal fluid 
are quite independent of the presence or absence of the ordinary patho- 
logical neurological signs, and may be piesent when the clinical sympto- 
matology, other than fever, is minimal As has been said, the spmal 
fluid changes are undoubtedly secondary and hence subsequent to the 
actual invasion of the nervous tissue, but it is striking how early 
they may be present and marked 

Summary of the first phase 

It will be in better accord with the facts and probabihties of the 
case if we regard the first stage of acute pohomyehtis as that m which 
invasion of the virus is largely confined to the intracranial structures, 
espeaally the bram stem Indeed, this stage rmght be designated as 
predonunantly the stage of interbrain symptoms In our classifica- 
tion it will for convemence be designated as the “cerebral” or “dien- 
cephahc” phase It is of historical interest to recall Redhch’s (88) 
surmise, made 38 years ago* 

we therefore see that quite the same manifestations 

as we find in the spmal cord can also occur m other parts of the central 
nervous system This opens up the possibihty that a part of the cerebral, 
manifestations which so often accompany the onset of pohomyehtis and 
which have hitherto usually been ascribed to general effects of the infection, 
are sequences of a local mvolvement of the brain 
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Second phase 

Reference to table 8 of the sjTnptoms following those of the very 
beginning of the manifest disease but preceding the appearance of 
paralysis brings clearly to light a definite change m the clinical picture 
While the symptoms most frequent in the first phase continue, in- 
dicatuig persistence of their underlying pathology, other symptoms 
and signs now occupy the foreground These are localized pains and 
tenderness (rather than general hyperesthesia), stiff neck, painfulness 
of the neck and spine to flexion In addition, ataxia and tremor, 
local weakness without paralysis become more frequent The phys- 
ical examination reveals in a large proportion of cases increase of the 
tendon reflexes and pain to the Kemig maneuvre Medin’s (79) 
report is particularly memorable for its account of the sensory mani- 
festations 

While most of these symptoms and signs are usually asenbed to 
“meningeal irntation” they differ m some esssential respects from those 
seen in ordinary meningitis, and it will be recalled that the arachnoid 
surfaces in poliomyelitis are not the seat of exudative deposits or 
lesions such as are seen in ordinary menmgitis The authors of the 
Rockefeller Monograph made a dear distinction between the mani- 
festations in the two t 3 qjes of disease, which was later enlarged upon 
by Draper (19), who says 

In acute pohomyehtis any manipulation which brmgs about antenor 
bending of the spine causes pain and, therefore, is resisted by the patient 
The resulting stiffemng of the body has generally been loosely desenbed as 
“stiff neck” or "Kermg’s sign,” but there is an essential difference between 
these reflex phenomena of meningeal imtation and the voluntary protection 
ngidity assumed by the patient with pohomyehtis to prevent antenor 
flexion of the spine This conscious effort is often earned to a moderate 
degree of opisthotonos, and is the cause of the unwilhngness of children 
with this disease to be picked up and handled even by the mother 
This phenomenon may be present before any invasion of the meninges has 
occurred as shown by negatue spinal findings We have suggested as an 
expIanaUon for the sign that in flexing the spme antenorly the intervertebral 
spinal gangha are pulled upon If it be recalled that the virus has been 
found expenmentally in the posterior spinal gangha before men- 

ingeal invasion this suggestion for the mechanism of the spme sign receives 
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some support It is conceivable that the ganglia bemg the seat of inflam- 
matory reaction may be imduly sensitive 

“'Pam” according to the Rockefeller Monograph (p 47), 

in some form is a constant feature of the acute stage of poliomyehtis In 
general, three types are found, spontaneous pain, pain caused by mamp- 
ulation, and tenderness to pressure of the muscles and nerve trunks 
These are not at all equally common Pam caused by passive motion is 
most frequent and seems to depend primarily upon anterior flexion of the 
spme we have been led to believe that the stiff neck of pohomye- 

htis differed from that of menmgitis in bemg voluntary rather than reflex 

Spontaneous pain sometimes occurs m pohomyehtis This is 
much less frequent than pam on mampulation Usually it follows the course 
of the nerves like a true neuritis It may be very severe Such pam 

may perhaps be more often present than is generally supposed, for it fre- 
quently requires much urgmg and even sharp prodding to make a child 
move an extrenuty which seems to be paralyzed, when m reality the muscles 
have power but are painful The third pamful feature of acute 

pohomyehtis is the tenderness of muscles to pressure There is 

httle doubt that this tenderness is m the muscles and is not a hyperesthesia 
of the skin, for rubbmg the skm without pressing on the underlying muscles, 
or even pmchmg, causes no pamful sensation 

Under “Pathology” the frequency of lesions in the postenor horns 
of the cord, and in the mtervertebral gangha has been noted, as well 
as the experiments of Flexner and Amoss (32) which are those re- 
ferred to in the quotation from Draper 

It is curious and significant that the sensory disturbances m the 
acute phases, particularly the second, are of pa^n, whereas discrimina- 
tive sensibflity is apparently rarely, if ever, affected Thermal 
sensilnhty, with which pain is functionally and anatormcaUy asso- 
ciated (Lissauer’s and spinothalamic tracts) is also mvolved MuUer 
(82) has an important note on this pomt He says 

in the above mentioned older patients, a dissociated paralysis of 
sensation was defimtely present, of such a sort that along with touch sensa- 
tion the pam and temperature sensations were first and foremost weakened 
It was therefore the “postenor horn sensibihty” m Strumpell’s sense that 
was damaged, that is, those qualities of sensation which pass through the 
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incoming postenor root fibers to the postenor horn, make connection at 
]ust that point with ganglion cells and make their way upward m other 
neurons in the antero lateral tract area after decussation m the anterior 
commissure This more or less elective injury to posterior horn sensibility 
at the beginnmg of the disease is easy to understand in a “poliomyelitis 
posterior,” and the pathologic-anatonuc findings which show a frequent m- 
volvement of the posterior horns m fresh cases, speak throughout m favor 
of our view that such dullings of the sensations of temperature and pam in 
quite fresh cases of poliomyelitis are frequent Such disturbances of 
sensibility (particularly of the postenor horn type) have already been 
repeatedly descnbed, e g , by Medm and Wickman In the litera- 

ture It IS reported that in such “poliomyelitis postenor,” persistent sensory 
disturbances also occasionally occur 

It would appear, therefore, that the sensory disturbances pomt not 
only to an irntation of the neurons conducting these sensations (as 
shown by spontaneous pains) but also — at least in some cases — to an 
actual interference with their conducting function 
The tremor, muscular twitchings, weakness without paralysis and 
ataxia noted sometimes during this stage (and actually occumng 
much more frequently than is indicated by the figures from the two 
senes here cited) are, in all probabihty, early imtative signs of the 
beginning onslaught on the antenor horn cells and, perhaps, those of 
the column of Clarke Their frequency before the penod of actual 
flaccid paralysis is a matter of common expenence and is also shown 
nearly always by expenmentally mfected monkeys 

Summary of the second phase 

In general, the dommant symptoms of the second phase of poho- 
myelitis are sensory and pomt to (o) involvement of the postenor 
spinal gangha, (i) involvement of the postenor horns particularly 
those portions implicated in the conduction of the sensations of pain 
(and temperature) The pecuhar significance of such involvements 
will be presently discussed 

For these reasons, the second stage might be designated the “lower 
sensory stage,” and is regarded as being in essence the stage of “polio- 
myelitis postenor Signs of imtation of the lower motor neurons 
supply evidence of transition to the next phase 
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Thiid phase (stage of paralysts) 

As contrasted with the marked variability, m respect to the in- 
dividual cases, of other clinical phenomena of acute pohomyehtis, 
one manifestation is nearly constant the fact that when it occurs at 
all, the pai alysis is a sequel to other symptoms and stgns, and rarely if 
ever comes first m the chronology of any case With increasing 
clinical attention to the early manifestations of the disease, “mor nin g 
paralysis” has almost disappeared from modem case records The 
chronological position of paralysis completes the demonstration of a 
pecuhar and orderly sequence of disturbances of the central nervous 
system which it is the purpose of this paper to make Involvement of 
the anterior cells of the spinal cord is, in the ordinal y type of case (the 
encephahtic cases constitute a separate category), the last and cul- 
minating development of the disease It will be seen from table 10 that 
at the time of appearance of paralysis, the symptoms of the first and 
second stages are still present, they, however, regress rapidly m cases 
going on to recovery, and frequently the paralysis itself, reaching its 
maximum within a bnef period, also regresses to a varying extent 

Since in nearly all cases, disturbances of the lower portions of the 
sensory tracts precede paralysis, it is a reasonable inference that in- 
vasion of the anterioi horn cells has its immediate source in infection 
either of the posterioi horn cells or of the intervertebral ganglia or both 
Reference to the section on Anatomy will show the multitude of 
paths, intra- and intersegmental, available for such a route of attack 
The manifestly far greater vulnerability of the anterior horn cells to 
lethal effects from the virus of pohomyehtis is in itself an argument, 
taken in conjunction with the chnical sequences of the disease, for an 
attack by such routes 

Fourth phase Stage of recovery 

For a considerable period in a certain proportion of cases, cerebral 
and sensory disturbances persist They are to be sure rarely per- 
manent The Rockefeller Monograph (86) mentions that “in some 
cases there is a nervous apprehension which lasts for weeks ” Muller 
(82) mentions the persistence of psychic changes along mth dis- 
turbances of sleep, espeaally m older children, for weeks or months 
There was a notable lessening of what he calls their previous “geistige 
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Fnsche” and vivacity, a marked fearfulness and anxiety with a tend- 
ency to weeping, palpitation of the heart and trembling In one girl 
there was, according to the mother, a decline in intellectual capacity 
The persistence of tenderness in affected extremities, in the muscles 
as well as along the nerve trunks, for weeks or more is too well known 
to require special documentation Medin’s (79) report m which un- 
usual seventy and persistence of neuntis are descnbed is of special 
interest 

Paralyses diminish in seventy and extent m varying degrees in 
nearly all patients surviving the acute stage, even to the point of al- 
most complete recovery of function Such improvement vanes also 
in rate Most observers are m accord with Wickman (104) who sajs 
that while the majonty of complete recovenes are doubtless com- 
pleted in the first half year, they are not so rare in the second half 
>ear, and occasionally even later The lateness and gradualness 
with which improvement may occur suggests that the impaired func- 
tion of the ganghon cells is not due to pressure from edema and hy- 
peremia, as has so often been asserted, but to an actual infection 
of cells which are damaged to less than a lethal extent by invading 
virus The theory of nerve cell damage from pressure never stood 
on a very firm basis since it has been repeatedly observed (Rissler, 
(90) Draper (1)) that perfectly normal ganglion cells may be found 
in intensely inflamed and infiltrated areas, side by side with damaged 
or even necrotic cells, while m certain areas such as the medulla the 
inflammatory process may be very intense without producing de- 
generation of the cells or even detectible disturbance of their functions 
The disiribuhon of the residual paralyses of pohomyelitis supplies 
interesting information, not so clearly manifest, either from the 
sjmptomatology or from the pathology, durmg the acute stages of the 
disease Even then, unequal mvolvement of the two sides of the body 
and, of course, great differences in involvement of different levels of 
the body are apparent, both in the sensory and in the motor fields 
With the subsidence of acute symptoms and progressive recovery, the 
distribution of residual palsies becomes more sharply defined and has, 
I beheve, a certam significance m respect to Fairbrother and Hurst’s 
(26) thesis of spread of virus by nerve tracts The most suitable 
compilation of case reports for the purpose is that of Lovett and Lucas 
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(77), With a rearrangement of the data as s umm arized by them 
(table 12) 

To the manifest and quite striking tendency to unilaterality m this 
table (notably more marked m the cervical than m the lumbar groups), 

TABLE 12 


Disirthidton of restdital paralyses, Locett and Lucas 


Original table of Lovett and Lucas 

Both legs 

130 


Right leg 

216 


Left leg 

239 


Right arm 

5 


Left arm 

5 


Both arms alone 

0 


All four extremities 

3 


Arm and leg, same side 

15 


Arm and leg, opposite side 

7 


One arm, both legs 

2 


Abdomen with other paralysis 

6 


Analysts of figures 

Arm involvements 

Unilateral 

34 

(91 8%) 

Bilateralt 

3 

(8 2%) 

Total cases 

37 


Leg involvements 

Unilateral 

477 

(77 9%) 

Bilateral 

135 

(22 1%) 

Total cases 

612 


Arm and/or leg involvement 

Unilateral at given level 

487 

(78 2%) 

Bilateral at given level 

135 

(21 8%) 

Total cases 

622* 


* Abdommal cases omitted, in these the side of mvolvement is not given 



t All three were cases in which all four extremities were involved 

the practically uniform unilaterality of bulbar paralyses (Rockefeller 
Monograph (86)) may be added Its significance would appear to 
be in mdicatmg that while, during the acute stage of poliomyehtis, 
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viros IS doubtless descending along many pathways, its main, its 
heaviest invasion and attack follow only a few, and hence its lethal 
effects, without possibility of recovery, are restncted to cells which 
receive an overwhelming amount of virus 
The mere fact of recovery from pohomyehtis, the fact that maximum 
paralysis occurs soon after initial paralysis in the average case, that 
then the various manifestations of the disease, save such as are due to 
actual destruction of ganghon cells, regress and disappear, strongly 
indicates that the virus of the disease ts after all poorly adapted to survival 
in man, that its hold is precarious, and perhaps that the defenses of the 
body against it are more effective than we arc inclined to think 

VI THE ROUTE OF PROPAGATION OF VIRUS IN THE HUMAN DISEASE 

INTEGRATION OF THE ANATOMICAL, PATHOLOGICAL, EXPERIMENTAL 
and CLINICAL DATA 

A consideration of the clinical manifestations of pohomyehtis in the 
light of the probable point of entry, the interconnections of vanous 
nerve tracts, the distribution of the lesions, the function of the various 
portions of the central nervous system found to be particularly in- 
volved, as outhned in the preceding sections, logically leads us to the 
inference that the disease in its common form has a definite and 
orderly mode of progression within the central nervous system up to 
Its climax of lower motor neuron paralysis, and permits us, tentatively 
at least, to conclude that the invading virus follows, as a rule, fairly 
well defined mam routes of travel 

The accompanying diagram (fig 4) shows the conception of these 
routes that has been developed in the preceding sections The 
primary focus of infection m the olfactory bulb, after entrance of virus 
through the nasal mucosa and olfactory nerves, leads to infection of the 
hypothalamic area and perhaps of the olfactory cortex The descent 
of infection from both these areas leads to essentially the same centers 
m the thalamus and midbram The mam pathway then leads from 
the thalamus downwards through the spinothalamic tract to the 
posterior horns, whence infection reaches the dorsal root ganglia and 
antenor horns The antenor horns, ivith the columns of Clarke and 
the anterolateral gray matter are again exposed to infection from their 
connections with the dorsal root ganglia 
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The selection of this as the mam route is based partly on the results 
of expenmental work, which has given partial confirmation of it, 


1 OLFACTORY CELLS (nasal mucosa) 
A 



Olfactory cortex 


Dorsal root ganglion 


Fig 4 Main Routes of Peofagation of Vieus 

Omitted from this list are several centers not regarded as m the main route of propaga- 
tion but nevertheless frequently aSected the midbram (espeaally the dorsal tegmental 
nucleus of Gudden), connected with the hj^iothalamus and mesial thalamic nuclei, the 
columns of Clarke and the anterolateral portion of the spmal gray matter, connected with 
the dorsal root gangha The commissural connections with corresponding areas of the 
opposite side are also omitted The connectmg tracts mdicated by capital letters are as 
follows A, olfactory nerve B, basal olfactory bundle C, olfactory radiations and mter- 
mediary nuclei (anterior perforated space, amygdaloid nucleus, fomix, etc ) D, fornix 
to mar^ary body E, fomix and stna medullans thalami F, bundle of Vicq d’Azyr, 
G, mtercalaiy fibers H, connections mainly through reticular formation (sympathetic 
and parasympathetic adjustor system) I, spmothalamic tract /, mtercalary fibers 
K, Lissauer’s tract L, axons of dorsal root ganghon cells mediatmg direct spmal reflex 


partly on the distnbution of the lesions in human cases, and partly on 
the character and order of development of the clinical symptoms 
The progression from an mitial stage of hypothalamic and thalaimc 
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symptoms to a second stage of postenor hom and dorsal root ganglion 
symptoms, and then to a third stage of antenor disturbance is clearly 
marked in many cases Sometimes the first stage is slight or fails to be 
observed In the so-called abortive cases, the third stage is absent or 
slight But m practically all cases of the ordinary form of polio- 
myelitis -with paralysis, the second and third stages occur m the order 
named, the second consisting of the usual preparalytic s>mptoms and 
signs Because of this order of progression (and because of the de- 
tection of infection in expenmental ammals in the dorsal root gangha 
before paralysis) the spinothalamic tract has been selected in the 
present scheme as the mam route of descent of infection from the 
brain to the cord in preference to one or more of tlie motor tracts that 
descend from above to make direct synaptic connections with the 
antenor horns 

A second, collateral pathwa> leading from the hypothalamus to the 
medulla is represented m the diagram as ending there This is assumed 
to consist of the tracts of the reticular formation, a structure probably 
containing vanous vegetative centers and pathways and having con- 
nections ivith the motor cells of the bulb and cord Lesions in the 
reticular formation, especially in the medulla arc frequent and pro- 
nounced, according to Harbitz and Sdieel With Gebhardt I have 
detected virus in the medulla on the fifth day of the incubation penod 
in expenmental animals at a time when the only other places where 
It could be found were the olfactory bulb and hypothalamus More- 
over, transient bulbar symptoms are not uncommon in the earher 
phases of the human disease However, bulbar palsies are relatively 
infrequent and other bulbar disturbances rarely persist Moreover, 
the fact that the descending reticulospinal tracts probably form 
svnapses with the motor rather than the sensorj' cells of the cord 
creates the same objection to these as to other descending motor tracts 
as the mam routes of infection 

Fmally, the chief bulbo-spmal sensory pathways— the tracts of Goll 
and Burdach— have not been included in the scheme because their 
nuclei (N gracilis and N cuneatus) apparently escape m most cases 
and the type of sensibihtj which they convey is not conspicuously 
disturbed in the disease 

The mam route for the propagation of virus from the outer world 
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to the antenor horns of the cord is therefore inferred to be as follows 
olfactory nerve endings in the mucus of the nasal mucosa through the 
axons of the olfactory nerves to the olfactory bulb, though the olfactory 
tracts to the hypothalamus, through connecting tracts and fibers {bundle of 
Vicq d'Azyr, etc ) to the thalamus, through the spinothalamic tract to the 
posterior hoi ns of the spinal cord, through connector fibers to the antenor 
horns and dorsal root ganglia, from the dorsal root ganglia through con- 
nectoi fibers to the anterior horns A collateral pathway leads from the 
hypothalamus to the medulla, mainly through the formatio reticulans 
Such a route corresponds with some accuracy with the character 
of the symptoms of the disease and with the order m which they 
develop, as well as with the distribution of the lesions, the probable 
portals of entry, and with the anatomy of the tracts of the central 
nervous system as they coimect with the olfactory bulb at one end and 
with the antenor gray matter of the cord at the other It should be 
noted, however, that the route as outlined is suggested as the chef 
pathway, not as the only possible one The alternative possibilities 
are many nor must it not be supposed that the virus is ever limited to 
spread along such restncted channels as have been descnbed The 
controlhng factors m holding the advancing mfection to a particular 
route appear to be, in the mam first, direct anatomical oonnections 
between ganglion cell centers, second, the suitability of the cellular material 
in these centers for implantation and multiplication of the vinis Fair- 
brother and Hurst have shown how virus inoculated m cerebral cortex 
dies out and leaves the cells there unchanged while, simultaneously, it 
has passed along to other centers which are more vulnerable and, pre- 
sumably better adapted to act as host to it 
A truer picture of the advancing infection than that of one ana- 
tomically limited to a smgle senes of nerve tracts would be somewhat 
as follows From its mitial focus, the olfactory bulb, virus begins 
dunng the period of mcubation to travel m many directions open to it 
through synaptic connections In most of these, it will encounter 
conditions such as Fairbrother and Hurst have shown to exist in the 
cerebral cortex, that are unfavorable to its multiplication and survival 
In others it will obtain but a transient foothold (medulla) Only 
along those routes that lead it to areas best smted for its survival 
(gray matter of the cord) will it contmue to multiply and progress and 
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produce its principal manifestations This process has, of course, the 
effect of a selected route of propagation, even though in a stricter 
sense, it is merely a process of general diffusion and limitation of 
survival to certain restneted areas 
The rate at which the disease progresses from one point to another 
IS sub3ect to the most extraordinary vanations In some cases it is 
more than a week from the appearance of the first symptoms before 
paralysis occurs In many instances, paralysis never occurs In 
many cases — a phenomenon to be presently discussed — there are 
intervals of interrupted progress In a considerable number of cases, 
progress is extremely rapid Nevertheless, it is rare to find a case in 
which charactenstic symptoms, signs and alterations of the spinal fluid 
cannot be detected before the appearance of paralysis 
These vanations in rate of progress suggest vanations in the rate 
and degree of formation of the foa of early mfection in the central 
nervous system, whether in the olfactory bulb or a step or two lower 
in the descending pathways, whence the virus descends to more sus- 
ceptible areas, in the slow or mild cases, tncklmg through, as it were, 
in severer, more fulminant cases, flooding downward in overwhelming 
amounts, almost unchecked 

The analogy to water working its way through a more or less porous 
barner at rates varying with the amount or head at the source and 
with the degree and quality of obstruction present, following the lines 
of least resistance, may perhaps be carried a little further If the 
obstacles against its advance are suffiaent, penetration will be slight 
and Its progress will be halted If they are considerable but not quite 
sufficient, its progress may be slow or only temporarily halted This 
brings us to the consideration of one of the most marked pecuhanties 
of pohomyehtis the tendency to interruptions in its course 

Vn THE PHENOMENON OP “HALTING”, ITS EELATION TO VAMANT 
FORMS OF THE DISEASE AND TO THE MODE OF PROPAGATION 
OF THE VIRDS 

One of the major charactenstics of acute pohomyehtis, the sig- 
nificance and importance of which have been confused and m- 
suffiaently appreciated m the past, is the peculiar manner in which 
It tends to halt for a varying period at one time or another in its 
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course, then, after an interval of symptomatic silence, again to ad- 
vance, and m a very considerable proportion of cases, to cease agam 
without ever reaching the dimax of paralysis Most of the variant 
forms of the disease illustrate this tendency to interrupted progress, 
indeed, it is detectible in nearly all of the “typical” cases in which 
the infection is not fulminant and ovem^helming Intervals vary 
from a few hours to many days, and sometimes much longer More 
than one may occur They may appear at any stage of the disease 
Occasionally, rmld symptoms may continue from one penod to 
another The phenomenon is best demonstrated by a consideration 
of certam t3^es of cases 


Abortive cases 

Of the 115 cases of the two senes (Rockefeller Monograph and 
Draper), 40 (34 8 per cent) never developed paralysis The ratio of 
abortive to paralytic cases doubtless vanes considerably in different 
epidemics and has been variously estimated (see Wickman (104)), 
but it is undoubtedly high and probably of the general order of 1 1 
The point to which attention is particularly called is that, as the 
Rockefeller Monograph (86) states, (p 79) “iJieie is little diffeience 
between the symptoms of the abortive cases and the prodromal symptoms 
of cases which become paialyzed ” Moieover, the changes in the spinal 
fluid are as constant and as charactenstic. In the 40 cases, all but three 
showed increased cells at the first puncture, and these three showed 
glob ulin Since such changes constitute indisputable evidence of the 
presence of lesions in the central nervous system, the assumption that 
the aboftive cases are those with “systemid^ infection, rather than with 
central nervous infection is wholly unwarranted and, indeed, contradicted 
by the facts 

Occasionally the disease appears to stop before entering the second 
phase Thus, Draper’s case 21 (first series) showed nothing more than 
fever, shght headache, and constipation and, three days later languor 
The physical examination was negative, but the spmal fluid was under 
moderate tension and contamed 200 cells Nearly all, however, run 
into the second phase with well marked sensory symptoms and signs 
(spontaneous pams) local tenderness, pain on flexion of neck or back) 
and, as a rule, also increased knee jerks The spinal fluid in every 
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case shoived pathological changes, increased cells at the first count in 
all but three and in these the test for globulin ivas positive In a 
few instances transient locahaed neahness indicated that the disease 
had passed just to the third phase before stopping Ten of the cases 
showed the “dromedary phenomenon ” 

A summary of the onset symptoms and signs in this group of cases 
shows the identity of the picture with that m the paralytic group, and 
its essentially nervous character (table 13) 

The abortive cases are plainly those m which the poliomyelitic 
infection of the central nervous system is interrupted during the first 
or second phase, or both, and fails to advance beyond the latter 


TABLE 13 

Abortive group (40 cases). Rockefeller Monograph and Draper 


Fever 

28 

Prowsmess (9), apathy (5) 

14* 

Headache 

13* 

Restlessness/imtahdity 

10* 

Voimting (9), nausea (1) 

10* 

Constipation 

6 

Malai«c and vague symptoms 

7 

Localized pain, tenderness or hyperesthesia 

4* 

Stiff or tender neck 

4* 

Tender spme 

2* 

Piarrhea 

4 

Sore throat 

3 

Loss of appetite 

3 


To these Tve may add a transitional form m which the disease 
advances just to the beginning of the third phase, produces a transient 
weakness of one or another group of musdes, then stops and leaves no 
residual paralysis Case 23 (Draper, second senes) is an example of 
this 

Dromedary cases 

Draper (19), who introduced this term, used it to illustrate the 
theory that the disease is divisible into an imtial penod (first “hump”) 
of general infection and, after an appreaable interval of symptomatic 
silence, varying from a few hours to a week or more, by a penod of 
infection of the central nervous system (second “hump”) A sum- 




162 


HAROLB KNIEST BABER 


mary of the symptoms of the first and second “humps” in the 42 
cases of his book and the Rockefeller Monograph with this phe- 
nomenon, however, shows agam the same preponderantly nervous 
character of the s3anptoms of the first phase, and the fact that the 
second phase shows the same symptoms with marked increase m 
sensory manifestations that we have noted as characteristic of the 
disease in general (table 14) 


TABLE 14 


Dromedary group {42 cases), Rockefeller Monograph and Draper 



rnisT HUMP 

SECOVD HUMP 

Number 

Per cent of 
cases 

Number 

Per cent of 
cases 

Fever 

31 

73 8 

31 

73 8 

Vomitmg 

14* 

33 3 

11* 

26 2 

Vague 

10 

23 8 

2 

4 8 

Headache 

5* 

11 9 

16*\ 

38 1 

Constipation 

5 

11 9 

4 

9 5 

Sore throat, tonsilhtis 

5 

11 9 

0 


Drowsiness 

4* 

9 5 

mm 

16 7 

Apathy, quiet, “dopey” 

4* 

9 5 


11 9 

Restlessness, imtabihty 

4* 

9 5 

1 6* 

14 3 

Pain, tenderness, hyperesthesia 

3* 


i7*t 

40 5 

Diarrhea 

3 


1 

2 4 

Twitchmg 

1* 


3* 

7 1 

Weakness (without paralysis) 

0 


4* 

9 5 

Ataxia, stupor, wild behavior, each 

0 


1* 

2 4 


t These symptoms show a striking increase during the second “hump ” Cf table 8 


In two instances, the period intervening between the two “humps” 
was not quite normal, smce drowsiness and headache respectively 
persisted In four cases (4, first senes, 3, 9, 16, second senes), the 
sjonptoms initiatmg both “humps” were identical While spinal 
pvmcture was done dunng the first “hump” in only three cases, globu- 
Im was present in two of them and was not tested for m the third 
If, as has been suggested, the chief channel through which infection 
descends from the mterbram (first phase) to the postenor portion of 
the cord (second phase) is the spinothalamic tract, the great length 
of immterrupted nerve fibers in it may offer an anatomical explana- 
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tion of the considerable period of symptomatic silence so frequently 
occurring between the first and second phases of the disease, for it is 
to be supposed that the virus produces symptoms only when it ha„ 
reached and infected the cell bodies themselves The simultaneous 
affection of numbers of these cells in this way may be responsible for 
the sudden and “eiqilosive” appearance of second phase symptoms 

Cases with advancing paralysis 

To this group belong most of the fatal cases, excepting those in 
which the disease appears to attack, suddenly and overwhelmingly, 
almost the entire central nervous system at one blow In a certain 
proportion of cases, paralysis first affects the higher portions of the 
bulbospinal axis, halts for a varying penod and then descends to 
affect the lower portions, in others (Landry type) the progressing 
paralysis runs in the opposite direction In these the tendency to a 
halt before the advance is resumed has been noted by Peabody, Draper 
and Dochez (86), who say (p 69) “In the fatal cases, then, as well 
as in those that recover, there is usually a pause after the acute onset 
of the paralysis There may be one or tuo days without any definite 
increase m paralysis ” 

In cases of this kind, axonal spread of virus from infected motor 
neurons to others previously uninfected is manifest and the associated 
tendency to interruption is again clear-cut 

Suhchmcal pohomyehtis 

Strictly speaking, this is a hypothetical entity, postulated m ex- 
planation of the specific immunity known to exist in many persons 
who have never had the disease in recognizable form The difference 
between rural and urban populations shown by the notably greater 
incidence of such immunity in urban adults, ivith their greater oppor- 
tunities for exposure as compared with rural duellers (Aycock and 
Kramer (S)) is perhaps the best evidence at present available for the 
actual occurrence of cases of subdimcal infection It is improbable 
that mere ,,ontact without infection is sufficient to produce the im- 
munity, and it IS obvious that an mfection of the nervous system, 
such as I assume pohomyehtis always to be, must have ceased veiy 
early in its course to avoid overt mamfestations If this is true, the 
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subclinical form of poliomyelitis is another and rather staking example 
of the phenomenon of “halting ” It may be conjectured that the 
infection progresses in these cases no further than the olfactory cells 
of the nasal mucosa or than, at the most, the olfactory bulb It would 
appear hkely that so abortive an infection must occur m individuals 
possessed of good powers of forming and rapidly mobihzing specific 
antibodies 


Relapses and second attacks 

Franas and Moncreifi (49) reviewed the hterature on this subject 
and reported a case — the longest interval on record — in which the 
second attack followed the first by fifteen years Their paper shows 
that second attacks may occur at intervals rangmg all the way from 
a few weeks to many years after the first In one instance cited by 
them (Ballet and Dutil) there were even three attacks (at the ages of 
3, 12 and 14 years) StiU (96) has more recently hsted the cases 
(nme altogether, including one of his own) m which second attacks 
occurred after the mterval of two years which Still selects as the 
cnterion of second mfection as distinguished from re-infection 
WTiile Still’s criterion of two years appears rather arbitrary, his con- 
tention that relapses after relatively short intervals are due to a 
hghtmg up of the ongmal mfection appears reasonable, and m harmony 
with the conception of a disease that tends to advance by fits and 
starts It IS, therefore, probable that the “halt” may extend over a 
considerable period of time and still lack finahty 

Snmniary We may sum up the observations m the preceding 
paragraphs m the statement that the poliomyelitic infection of the 
central nervous system m man shows a marked and cliaractertskc tend- 
ency to come spontaneously to a stop, temporanly for greatly varying 
penods, oi permanently, aivyivhere in its coutse It might seem a 
prion almost inevitable that a virus such as that of poliomyelitis, 
once lodged m tissues to which it is adapted, with so great a profusion 
of communicating channels as are at its disposal, would run its course 
imchecked until every part of tlie central nervous system were attacked 
and destroyed, or, if we assume a particular predilection or adaptation 

w The possibihty of a second attack from infection by a different strain of virus is 
raised by the recent report of Burnet and MacNamara (9) 
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to certain specialized groups or types of cells, such as those of the 
anterior spinal horns, that it should attack and destroy all of these 
Yet half of the patients never develop paralysis at all, and of those 
that do four-fifths or so show so limited and restncted an involve- 
ment as to he compatible with survival, many with residual loss of 
but one or a few groups of motor cells 

The significance and importance of the phenomenon of “halting” 
are that it indicates clearly the presence of conditions or mechamsms 
m man'" favoring spontaneous recoverj' from pohomyehtic infection, 
and it IS to these that vc must look for such hope of artificial preven- 
tion of paralysis as may he possible after infection has occurred 
Hence, while the explanations offered must at present be to a large 
extent speculative, the effort to understand these favormg conditions 
and mechanisms is of the greatest importance 

VTII CONDITIONS FAVORING RECOVERY 

First of all, we may imagine that the adaptation of the virus to 
human tissues is relatively slight and tenuous, its powers of survival 
relatively poor It is known that its survival in any tissues other 
than the nervous is verv brief and even within the central nervous 
system, the observations of Fairbrother and Hurst (26) show that it 
dies out rapidly m the cerebral cortex at the very time that it is be- 
coming implanted and is multiplymg in the medulla and cord Such 
a phenomenon cannot be explained entirely on the basis of a general 
defensive reaction on the part of the body, and must be due in some 
degree to properties of the virus itself The relative importance of 
this factor — limited capacitj for survival of the virus — cannot at 
present be accurately appraised, but it may well be considerable 

That great vanations in this capacit> for survival (virulence) of 
different strains of virus exist is well known m respect to infection m 
the monkey, and that the same is true for man can hardly be doubted 
The demonstration of periodicity in virulence for a single strain has 
already been noted 

The body itself possesses potential or actual speafic defenses, of 
whicli the humoral vincidal (neutrahzmg) antibodies are the best 

“ Tte same i, t™ to a vastly less degree Oi the monl ey m which infection without 
paralysis and death is \ ery exceptional 




Blockade by Nedxealization 

Virus IS pictured as descending through neuron into and out of the nerve cell into 
the perineuronal space and the synapse mth neuron below Simultaneously, under the 
effect of the invasion which causes increased endothehal permeabihty, specific antibodies 
escape from the blood capillary mto the tissue spaces and the penneuronal and perivascu- 
lar spaces, meet and neutralize the virus Between the temunals of the two neurons m 
the s3Tiaptic space, a sohd wall of antibody has met and neutralized the virus and pre- 
vented its passage mto neuron Serum antibodies, neutralized virus, and a small 
amount of imneutrahzed virus are passing out through the perivascular space, whence 
they will be discharged into the subarachnoid space The myehn sheath is represented 
as impermeable 

The emigration of small cells (lymphocytes) may be imagined as following essentially 
the same channels as the antibodies in the diagram, except that the majority reach the 
perivascular spaces, and only a few the penneuronal spaces It would seem possible that 
their function may be somewhat similar, to remove virus that has escaped from infected 
cells 

It IS clear that if the perivascular spaces were unimpeded and the direction of the 
current in them reversed, antibodies mtroduced into the subarachnoid space would have a 
direct route to the infected synaptic area and perineuronal space The difficulties 
encountered are discussed in the text 
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known and most thoroughly studied They \vill be discussed in 
greater detail under "Treatment ” They are detectible m the blood 
of about four-fifths of urban adults (5, 94) and a perhaps somewhat 
smaller but still very large proportion of convalescents from the 
disease at all ages (94) How rapidly they can be formed anew or 
mobilized to effective concentrations in the presence of actual in- 
fection IS not known The actual mechanism by which they may 
reach, attack and halt the virus m its progress is also not known 
This IS a cntical consideration, however, and speculation on the point 
may therefore be permitted 

Assuming axonal propagation to be correct, it may be supposed 
that the virus during its passage through the myelinated nerve fiber 
IS confined within an impermeable tube, inaccessible to tlie body 
fluids Escaping from the nerve cell, however, it must for a time 
he free in the synaptic area, and the surroundmg tissue spaces, where 
It must come in contact ivith the tissue fluids denved from the blood 
stream It is at this tune, too, that it probably excites the various 
phenomena of inflammation — ^hyperemia, edema, emigration of small 
cells into the penvascular spaces and the tissues themselves Pro- 
viding neutrahzmg antibodies are present or can be mobilized in the 
arculating blood, they may be presumed to escape into the tissues at 
such pomts of inflammation and increased vascular permeability and 
thus come in contact with the invadmg virus '* Depending on the 
resultant and relative concentrations of virus and antibody at and 
near the synaptic area, the former will either survive to pass on into 
the next neuron, or will be killed and so fail to advance The defense 
of the body against the advanang mfection in pohomyehtis, therefore 
resolves itself mto a senes of local combats at the synapses, the out- 
come of which in each case depends on relative concentrations of virus 
and antibody “ 

“ Under normal conditions, protein substances (to which humoral antibodies belong 
or arc clo'ely attached) probably escape in small amounts from the blood capillaries into 
the tissues Under pathological conditions of mflammation, the vascular permeabihty 
IS altered to permit their escape m greater quantities In poliom>elitis, we have direct 
proof of this from the presence of notable amounts of globulm m the cerebrospinal fluid, 
e\en at a very early, preparalytic stage of the infection 

“ Up to the present this hypothesis has no eaperunental basis, since m the monkey the 
infection, once estabhshed, appears to run its full course quite unmodified by the admmis 
tration of serum Abortive cases, so common in man, are extremely rare in the evpen 
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Using such an hypothesis we may picture the ad^^^^ 
tion in a typical case somewhat as follows from an inu^^ 
upper part of the central nervous system small amounts'^ begm 
to dribble downwards through the axons to the next\^^^^y^ point, 
here they invade and multiply m the cell bodies and cor- 

responding symptoms, varying m intensity with the degree', extent 
of the damage produced in the cells and vith the degree extent 


of the secondary inflammatory reaction that follov.s when es- 
capes into the adjoining tissue spaces If at this point the *^efensive 
forces are wholly adequate, the infection will go no further, 
must suppose that frequently this is the case (abortive cases); other 
instances, the invasion is halted for a time or in the 
sjTiapses hut after a time or at a few points the amount of formed 
by multiplication within the cells v.t11 overcome the def*^^®^’ 
be free to pass along the whole length of the axis cylmde^ 
neuron before it again has to encounter and be subjec^ adverse 
forces, where the conditions will be like those at the j-*revious relay 
save for the increasing %nilnerability of the cells in the IC^®^ portions 
of the bulbospinal axis The disease may thus be 
point or may go on indefinitely up to the time of deatli "^he fact 
that the descent of vims horn one relay to the next is alonj? 
of the diannels potentialh' open to it, and so indicates a blcr^°S of ifs 
pj ogress at most of the latter, is shov.ji follow 

decussating paths evidenced by the one-sidedness ^of the residual 
lesions. 

T-hat the Ijunphoci'tes w'hich fom^®o conspicuous a part of the 
secondary inflammatory picture h^® viricidal or other defensive 
properties is possible but at presen \ 

mentally mfected animal Xhe difference Ixt / experimental disease in the monkey 

and the untreated natural disease m man is strikmg smee in man abortive 

cases and other mstances oJ interrupted infection are common, and I 

cannot, at present, thmk of any oilier po<=-=;F^'^ explanation for them than the one here 
offered, or that the virus dies out m i,un,a„f nerve tissue before it finds a suitable kind of 
ganglion cell for its survival and multip ..^(fion The latter may, of course, be the correct 
explanation or even a combmation of both, but I am much impressed with the fact that 
m the majority of abortive cases, the signs of posterior ganglion and horn disturbance are 
evident and that, therefore, the mfection is already but one neuronal step and a distance 
of a fen millimeters from the highly susceptible antenor horn cells 
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JX tbeatment 

The foregoing representation of the mode of propagation of the 
virus of pohomyehtis through the nervous tissues and the conditions 
under vhich it comes in contact with the circulating antibodies has 
been made with special reference to a consideration of treatment and 
more particularly of an attempted appraisal of the potentiahties of 
treatment and the manner m which these potentialities can most 
effectively be utilized 

Despite the large number of encouraging reports to be found m the 
literature, it cannot be said that by critical standards any one of 
them IS wholly convincing or conclusive Kellogg’s thoughtful paper 
brings out clearly the possible errors that may have arisen from data 
on the fatahty rate and madence of paralysis m case senes not studied 
by the method of alternate controls Kellogg, while endmg his dis- 
cussion on a somewhat optunistic hey, leaves the question of the 
value of convalescent serum open as at present unproved 

The studies of AycocL and his associates (7) though perhaps not 
entirely conclusive, are nevertheless of special interest, in that an 
exhaustive anatomical survey was made of the vanous skeletal 
muscle groups, after recovery, to determine even the slightest degrees 
of residual paralysis Five hundred eighty-seven patients were 
thus examined, of whom 105 were treated in the preparalytic stage 
with convalescent serum, and 482 recovered without treatment On 
an arbitrary scale of 530 (maximum total paralysis) the treated 
patients showed an average of 19 0 paralysis, and the untreated, 
63 6 In another tabulation, 71, or 61 2 per cent, of 116 treated 
patients, however, showed some degree of paralysis The treatment 
was apparently energetic (intravenous and intratliecal) and as thor- 
ough as in other reported senes The studies therefore suggest that 
in other senes, minor degrees of paralysis had escaped detection and 
that many cases, reported as cured, had in fact some residual paralysis 
Thus, while not wholly conclusive, the evidence tends to show that 
energetic serum treatment may to a considerable extent block the 
progress of the infection 

With the picture before us of the mode of advance by infiltration 
of the virus within the central nervous system from one axon to 
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another and the possibility of neutralizing it at the synapses by 
supplying the surrounding tissues with viricidal antibodies, such an 
outcome as that reported by Aycock and his associates is readily 
understood, since it is to be expected that even at the time of serum 
administration virus had already penetrated, in a few places, into the 
motor cells where it would escape the action of antibodies m the tissue 
fluids, and thus be free to produce its characteristic degenerative 
effects 

Only on the hj^othesis of systemic, extranervous infection m the 
preparalytic stage of pohomyehtis — such as must be regarded as dis- 
proved — could a diSerent result be expected, with a complete neutral- 
ization of virus m the blood stream and lymphatic system before 
invasion of the central nervous system Such a hope must be aban- 
doned Nevertheless, there is sound reason for behevmg that the 
potential value of specifically immune serum in pohomyehtis has not 
yet been generally attained in practice, less for lack of potent serum 
than for failure to observe the pnnciples, already understood, of 
effective serum therapy in general The methods m general use may 
properly be cntiazed m the respect to the serum used, the amounts 
employed, and the manner of administration 

Convalescent serum, which has been almost exclusively used m this 
country, has not only as a rule been untested and imstandardized, 
but there is some reason to beheve it to be ordinarily of rather low 
specific potency The striking work of Shaughnessy, Harmon and 
Gordon (94) showed that the assumption of a uniformly supenor 
neutralizing power m the serum of patients who have recovered, even 
recently, from the overt disease is mistaken, and that m fact such 
serum more frequently failed to contain demonstrable antibodies than 
that of persons without a history of poliomyelitis Moreover, they 
found the highest potencies in persons of the latter category, two of 
whom showed the extraordinary neutrahzing titer of 1 200 Aycock 
and Kramer’s report (5) shows that even pooled convalescent serum 
occasionally failed to protect monkeys Faber (23) called attention 
to the desirabihty of using serum that had been tested and found to 
contam immune substances m sufficient concentration, and to the 
fact that it was feasible to test transfusion donors In his study the 
majonty were found to be immune, and a few, highly so (up to 1 60) 
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With this exception, all reports on serum treatment have been based 
on untested serum from convalescents, the therapeutic results from 
whidi might he expected a pnon to be similar to those from the treat- 
ment of diplithena ivith serum of an unknown, varying and sometimes 
low content of antitoxin units 

Since the publication of the paper by Shaw, Thelander and Flcisch- 
ner (95), advocating intramuscular injection, this or intravenous ad- 
ministration of serum has come mto greater use, especially m the 
West Many, perhaps a majonty of, physicians, however, continue 
to prefer the intrathecal to the blood-vascular route Aycock, Luther 
and Kramer (6) advocate a combination of the txvo Now, while the 
vascular route may have been proposed on the basis of the erroneous 
hypothesis that poliomyelitis is a blood-borne disease, there is never- 
theless good reason to believe that it is not only the route of choice, 
but the only route whtch promises to reach the seat of the disease mth 
any certainty for any considerable len^ih of lime 
Against the intrathecal route, which has been preferred by so many 
clinicians, there are important objections that apparently have been 
little appreciated This method is based on the behef that the chief 
route of infection is by passage through the choroid plexus and the 
meninges from the blood and into the subarachnoid space, and that 
foreign substances introduced mto the subarachnoid space will readily 
and freely pass from the latter into the perivascular and penneuronal 
spaces The erroneous nature of both these postulates has already 
been indicated, but the second may be discussed further in detail 
As has been stated, the normal direction of flow of fluids in the nervous 
tissue spaces is from the penneuronal and perivascular spaces towards 
and into the subarachnoid space {lOI), and any serum injected into the 
latter could only enter the former by regurgitation, that is, by reversal of 
the normal direction of flow That under abnormal conditions, such 
as are induced by intravenous injection of strong hypertomc solutions, 
by anemia produced by ligation of the supplymg artenes or by in- 
creased intrathecal pressure, a reversal of flow of cerebrospinal fluid 
may actually occur even mto the penneuronal spaces has been shown 
by Weed (102), and by Mott (81) To what extent it is possible to 
take advantage m practice of such regurgitation is, however, a de- 
batable question 



172 


HAROLD KNIESX RABER 


Landis has shown that (in the skin) the capillary pressure at the 
arterial end is about 32 mm Hg (about 435 mm HoO) Fahr, Kerkhof 
and Conkhn (24), have shown that the average osmotic pressure of 
the blood is about 21 mm Hg (about 286 mm HaO) The difference 
between these, 11 mm Hg (about 150 mm HaO) probably approxi- 
mates the average pressure under which flmds escape from the capil- 
laries into the penvascular or l)unphatic spaces Since this is about 
the mean normal pressure in the subarachnoid space, it is clear (assum- 
ing capillary pressures to be similar throughout the body) that the 
normal outward flow of fluids from the tissues into the subarachnoid 
space must be under very low pressure and could be reversed by slight 
rises m subarachnoid pressure unless the arterial capillary pressure 
were simultaneously increased It must be assumed, however, that 
any reversal in flow would be rapidly antagonized by a compensatory 
increase in arterial capiUary pressure as a vital defensive measure on 
the part of the body to protect the integrity of the supply of water, 
salts and other nutntive material to the nervous tissues, since a 
reversal of flow means essentially a cessation of the normal passage of 
water and its contained dialyzable substances from the blood into the 
tissue spaces Further, the increased subarachnoid pressure in acute 
inflammatory diseases of the central nervous system is doubtless due, 
in part at least, to an arterial h 3 rpereima in the nervous tissues m- 
volving an increase m the passage of water and water-borne substances 
into the tissue spaces, and so into the subarachnoid space with which 
they are in direct communication Obviously, therefore, there is not 
only an increased resistance, in the presence of inflammatory disease, 
to a backward flow from the subarachnoid space into the penvascular 
spaces but the regurgitation, if artificially accomplished, would be even 
more rapidly offset than under normal conditions, and the substances 
(serum antibodies) so introduced, rapidly diluted, and expelled back 
mto the subarachnoid space 

The same compensatory mechamsm must apply if the reversal of 
flow IS accomplished by mtravenous injection of hypertonic solutions, 
as has been proposed for therapeutic purposes by Aycock and Amoss 
(4) The body, m order to maintain the nutntion of the tissues, will 
rapidly dilute the blood, restore the osmotic pressure to normal and 
thus automatically check the abnormal drainage of tissue fluids back 
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into the blood and, simultaneously, the reversed flow in the peri- 
vascular spaces 

That a temporarj'' reversal of flow can be accomphshed, either by 
raising the intrathecal pressure or by intravenous injection of hyper- 
tonic solutions, and that either of these methods may serve to intro- 
duce intrathecally injected substances into the penneuronal spaces 
for a bnef penod of time can hardly be doubted In pohomyehtis, 
however, the potential therapeutic value of such a route of adimnis- 
tration is greatly lessened by the fact that so many of the perivascular 
spaces are obstructed by infiltrations of small cells, in just the areas 
which It IS most desired to reach, and that a continuous, rather than a 
brief, supply of neutralizing antibodies in the spaces surrounding the 
nerve cells is requisite if the continuing descent of virus at such points 
is to be combatted 

Under ordinary conditions of intrathecal injection it is highly 
probable that little of the serum reaches the nerve cells by the pen- 
vascular route, especially when precautions are observed not to in- 
crease the pressure, and that the only way by which it could reach 
them would be by absorption through the blood vessels into the gen- 
eral circulation, and thus indirectly by way of the blood stream On 
the other hand, when put directly into the blood stream the donated 
antibodies would have immediate, and continuous access to all parts 
of the tissues of the central nervous system, aided, no doubt, in reacli- 
mg affected cells in infected areas by the accompanying increased 
vascular permeabilities inadental to the secondary inflammatory 
reaction As has been said in a preceding section, the outcome will 
then depend upon the relative concentrations of virus and antibody 
attained at a given point, and the maximum benefit therefore can only 
be obtained by supplying the maximum concentration of antibodies 
in the blood at the earliest possible moment, and maintaining this con- 
centration as long as is necessary 

The intramuscular route has the same disadvantages m the treat- 
ment of pohomyehtis as it has, for instance, m diphthena, slow ab- 
sorption, consequent low concentration of antibodies m the blood, 
delayed and submaximal effective action In pohomyehtis, even 
more than in diphtheria, the time element is of critical importance 
since the disease may progress within a few hours after its first recog- 
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Landis has showai that (in the skin) the capillary pressure at the 
arterial end is about 32 mm Hg (about 435 mm HoO) Fahr, Kerkhof 
and Conkhn (24), have shown that the average osmotic pressure of 
the blood is about 21 mm Hg (about 286 mm H 2 O) The difference 
between these, 11 mm Hg (about 150 mm HoO) probably approxi- 
mates the average pressure under which fluids escape from the capil- 
lanes into the perivascular or l 3 Tnphatic spaces Since this is about 
the mean normal pressure in the subarachnoid space, it is clear (assum- 
ing capillary pressures to be similar throughout the body) that the 
normal outward flow of fluids from the tissues into the subarachnoid 
space must be under very low pressure and could be reversed by slight 
rises m subarachnoid pressure unless the arterial capillary pressure 
were simultaneously increased It must be assumed, however, that 
any reversal in flow would be rapidly antagonized by a compensatory 
increase in arterial capiUary pressure as a vital defensive measure on 
the part of the body to protect the integnty of the supply of water, 
salts and other nutntive material to the nervous tissues, since a 
reversal of flow means essentially a cessation of the normal passage of 
water and its contained dialyzable substances from the blood into the 
tissue spaces Further, the increased subarachnoid pressure m acute 
inflammatory diseases of the central nervous system is doubtless due, 
in part at least, to an artenal hjrperemia m the nervous tissues m- 
volvmg an increase in the passage of water and water-borne substances 
into the tissue spaces, and so mto the subarachnoid space with which 
they are m direct communication Obviously, therefore, there is not 
only an increased resistance, in the presence of inflammatory disease, 
to a backward flow from the subarachnoid space mto the perivascular 
spaces but the regurgitation, if artificially accomplished, would be even 
more rapidly offset than under normal conditions, and the substances 
(serum antibodies) so introduced, rapidly diluted, and expelled back 
into the subarachnoid space 

The same compensatory mechanism must apply if the reversal of 
flow is accomplished by mtravenous mjection of hypertonic solutions, 
as has been proposed for therapeutic purposes by Aycock and Amoss 
(4) The body, m order to maintain the nutntion of the tissues, will 
rapidly dilute the blood, restore the osmotic pressure to normal and 
thus automatically check the abnormal drainage of tissue fluids back 
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categoncally if the work of Shaughnessy, Hannon and Gordon (94) 
had been repeated and confirmed on a large scale This is urgently 
needed, since their observations suggest that persons who actually 
develop the disease over the age of two years are relatively defective 
in their capaaty to form immune substances as compared with others, 
and It appears from their studies and those of Aycock and Kramer, 
(5) that about eighty per cent of urban adults possess speafic vincidal 
antibodies in the blood 

Despite the defects in present-day serum therapy of poliomyehbs, 
certain beneficial effects may probably be traced to it As has already 
been remarked the outcome in a given case of pohomyehtic infection 
depends on the result of a senes of local combats in the central nervous 
system, depending on the relative amounts of virus and antibody at 
each locus of infection, and essentially or mainly on the amount of virus 
at each Since the latter doubtless vanes, we find that the advance 
of the infection is often halted at some points and not at others 
With an effective increase in circulating immune substances the extent 
of the halt may be increased and the extent of the advance dimmished, 
thus, even ivith inadequate dosage of immune substances the advance 
may be less extensive but not completely prevented The observa- 
tions of Aycock and his assoaates (7) confirm this assumption in a 
considerable degree, for while many of their treated patients showed 
residual paralysis, both the proportion of such cases and the extent of 
paralysis m them was sigmficantly less than m the untreated It is 
therefore unnecessary, as proponents of the all-or-none cntenon of 
therapeutic success might advocate, to discard these observations as 
meamngless or inconclusive They are on the contrary consonant 
with a partial benefit and in character wath what might be expected 
from inadequate rather than worthless treatment While it is un- 
likely that fulminant or overwhelming infections will ever be con- 
trolled with certainty, there is reason to hope that improved methods 
of treatment will substantially further lessen the proportion of cases 
with paralysis and the extent of paralysis when it does occur 

The potential usefulness ol foreign sera, once regarded as negligible, 
now appears to be real and considerable While most individuals of 
foreign speaes do not produce speafic antisera, vanous workers, 
among them Neustadter and Banzhaf (84), Fairbrother (25), Schultz 
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nition to a point where the motor cells are hopelessly involved Of 
aU methods at present available for supplying immune substances 
to patients with acute pohomyehtis, the tntravenous adimmstrahon of 
blood or serum, prefer ably repeated, from donors imth known high con- 
centrahons of neutrahzing anhbodtes in their serum and in the largest 
feasible amounts is the only one which gives any promise of effective 
therapy in cases of any severity and is the only method by which the 
effectiveness of serum therapy shoidd be judged. 

The observance of such conditions is not impractical It requires 
the facilities of a laboratory equipped to make the necessary tests of 
donors for antipoliomyehtic antibodies, and it requires a sufficient 
number of immune donors to be made available m advance of the time 
when they are apt to be needed (the test requires about two weeks). 
A history of antecedent pohomyehtis m the donors is then entirely 
unnecessary, since the cntenon of their usefulness is the abihty of their 
serum to neutralize pohomyehtic virus It is desirable and possible 
by titration of serum, to obtam donors with high concentrations of 
immune substances in their serum One of ours has a titer of 1 60 
and was recently used in a case of unusual seventy In such cases, 
and whenever it is feasible, transfusion is preferred on the basis of 
safety and probable maximum effectiveness The intravenous use 
of stored serum, to which preservative is usually added, has certain 
obvious disadvantages, but if transfusion cannot be done, this method 
is preferable to the intramuscular for the reasons stated It is quite 
feasible to obtam larger stocks of pooled tested serum, if this method 
is preferred, than is possible with convalescent serum alone 
The amounts of serum usually given are too small So long as one 
is restricted to the use of convalescent serum the supply — denved as it 
must be mainly from children — ^wiU be limited and inadequate Until 
more is known of the therapeutic effects m relation to viricidal units, 
the only safe rule is to give the largest amount compatible with safety 
For transfusions, here, the same rules in respect to amount should be 
used as for maximum transfusions m general 
When serum of known antibody content is unavailable, it may even 
be, m my own opinion, preferable to use the pooled serum of healthy 
adults without a history of pohomyehtis to that of convalescents from 
the disease This statement would be made more positively and 
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categoncally if the work of Shaughnessy, Harmon and Gordon (Dt) 
had been repeated and confirmed on a large scale 'I'liia in urgcnlly 
needed, since their observations suggest that jicrjoim wlio (Ktiinlly 
develop the disease over the age of two years are relatively defcetlvi' 
in their capacity to form immune substances as compared with of licrn, 
and It appears from their studies and those of Aycoch and Krnnicr, 
(5) that about eighty per cent of urban adults possess specific viricidal 
antibodies in the blood 

Despite the defects in present-day serum therapy of jioliornydills, 
certam benefiaal effects may probably be traced to it As bar airr idy 
been remarked the outcome in a given case of poliomyelitic Infertlon 
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sj-stem, dependmg on the relative amounts of virus and afltilyidy at 
each locus of infection, and essentialb or mainly on theamountofvirus 
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and Gebhardt (93), and Weyer, Park and Banzhaf (103), have found 
with horses that exceptional individuals are capable of producing 
specific antibodies in effective concentration Flexner and Lewis 
(45) noted a shght neutralizing power in sheep serum which could be 
enhanced by injections of virus, and more recently Howitt and her 
associates (55) have obtained promising results with both goats and 
sheep Immune monkey serum "was used by Netter (83) many years 
ago but will probably never be available in important amounts 
If foreign serum of high potency can be made available on a large 
scale, it might largely supplant human serum for general use, despite 
the mcreased nsk of anaphylactic accidents and of severe serum sick- 
ness In view of the dangers of poliomyelitic infection, intravenous 
administration may be preferable with foreign serum, also 

Summary The therapeutic value of antipoliomyehtic serum, 
human and foreign, remains to be determined, but should be subjected 
to test under optimal conditions before it is discountenanced Up to 
the present it cannot be said that such a test has been made The 
critena of adequate serum treatment are the same as for other dis- 
eases serum of known high potency, suflSaent amounts, adminis- 
tration at the earhest possible moment, administration by way of the 
blood stream to attain the maximum concentration of antibodies m 
the shortest possible time The respects in which treatment has 
frequently been faulty are, first, the use of serum of unknoivn, and 
probably often low, antibody content, the use of too small amounts, 
the administration by routes which fail to reach the blood stream 
promptly and effectively Convalescent serum, per se, has no ad- 
vantage over “normal” serum, m either case, the value depends on the 
antibody content Intravenous injection of whole blood or serum in 
large amounts from donors tested for immunity appears to be the best 
method at present generally available Foreign serum of high anti- 
body titer, when this can be supplied, may be still better 

The results to be expected are not, for reasons given, complete 
prevention of paralysis m all cases, but rather a diminution of the 
extent of paralysis m treated, as compared with untreated cases, 

15 Schultz (personal communication) has recently immunized a horse to a point where 
1 cc of its serum was capable of mactivatmg m vitro more than 50,000 minimal mfective 
doses of virus 
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since It IS inevitable that in many instances by the time diagnosis can 
be made, some of the motor cells have already been invaded and are 
inaccessible to therapy 

X SUMMARY AND CONCLUSIONS 

Poliomyelitis throughout its entire course is pnmanly and essentially 
an infectious disease of the central nervous system, caused by a stnctly 
neurotropic virus Only when it is so regarded can its vanous chnical 
and pathological manifestations and the results of experimental 
investigation be harmomously correlated and interpreted, and only 
then do the inherent contradictions and obscunties of previous con- 
ceptions of the disease begin to disappear The idea of a “systenuc,” 
extranervous phase preceding invasion of the central nervous system 
must be abandoned 

The chnical course of the disease has been shown to correspond 
with the advance of infection through and within the central nervous 
system, and a consideration of the portal of entry (olfactory mucosa), 
of the distribution of the lesions, of the anatomy of the nerve tracts, 
of the character and chronological order of the symptoms leads to the 
conclusion that the infection follows a fairly weE marked main route 
from the upper olfactory centers to the site in the antenor horns of the 
cord where it produces its most marked and disastrous effects This 
route leads through the oUactory nerves to the olfactory bulb, through 
the olfactory tracts to the interbrain (hypothalamus and thalamus), 
where it often exates early symptoms, through the spinothalamic 
tract to the postenor horns and intervertebral ganglia of the cord, 
where it produces the later preparalytic symptoms, and thence to the 
antenor spinal horns The mam reason for behevmg that the in- 
fection descends along a sensory tract to the postenor horns rather 
than along motor tracts, such as those with relays m the midbrain, is 
the fact that in nearly ah cases of pohomyehtis the sensory symp- 
toms — predominantly pam, either spontaneous or on manipulation — 
precede the motor symptoms A second route leads from the hypo- 
thalamus to the medulla Since m the average case bulbar symptoms 
are absent or slight or transient, and since the mam sensory tract 
leading from the meduUa to the cord is apparently rarely affected, this 
route IS regarded as being a subsidiary one 
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and Gebhardt (93), and Weyer, Park and Banzhaf (103), have found 
with horses that exceptional individuals are capable of producing 
specific antibodies in effective concentration Flexner and Lewis 
(45) noted a shght neutralizing power in sheep serum which could be 
enhanced by injections of virus, and more recently Howitt and her 
assoaates (55) have obtained promising results with both goats and 
sheep Immune monkey serum was used by Netter (83) many years 
ago but will probably never be available in important amounts 
If foreign serum of high potency can be made available on a large 
scale, it rmght largely supplant human serum for general use, despite 
the increased risk of anaphylactic accidents and of severe serum sick- 
ness In view of the dangers of poliomyelitic infection, intravenous 
a dmini stration may be preferable with foreign serum, also 

Summary The therapeutic value of antipohomyehtic serum, 
human and foreign, remains to be determined, but should be subjected 
to test under optimal conditions before it is discountenanced Up to 
the present it cannot be said that such a test has been made The 
cntena of adequate serum treatment are the same as for other dis- 
eases serum of known high potency, suffiaent amounts, adminis- 
tration at the earhest possible moment, admimstration by way of the 
blood stream to attain the maxunum concentration of antibodies in 
the shortest possible time The respects in which treatment has 
frequently been faulty are, first, the use of serum of unknown, and 
probably often low, antibody content, the use of too small amounts, 
the administration by routes which fail to reach the blood stream 
promptly and effectively Convalescent serum, per se, has no ad- 
vantage over “normal” serum, in either case, the value depends on the 
antibody content Intravenous injection of whole blood or serum in 
large amoimts from donors tested for immunity appears to be the best 
method at present generally available Foreign serum of high anti- 
body titer, when this can be supphed, may be still better 
The results to be expected are not, for reasons given, complete 
prevention of paralysis m aU cases, but rather a dimmution of the 
extent of paralysis in treated, as compared with untreated cases, 

Schultz (personal communication) has recently immunized a horse to a point where 
1 cc of its serum was capable of mactivatmg in vitro more than 50,000 mmimal mfective 
doses of virus 
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Since it IS inevitable that m many instances by the time diagnosis can 
be made, some of the motor cells have already been invaded and are 
inaccessible to therapy 


X SUMilARY AND CONCLUSIONS 


Poliomyehtis tliroughout its entire course is primarily and essentially 
an infectious disease of the central nervous system, caused by a stnctly 
neurotropic virus Only -when it is so regarded can its various clinical 
and pathological manifestations and the results of experimental 
investigation be harmoniously correlated and interpreted, and only 
then do the inherent contradictions and obscurities of previous con- 
ceptions of the disease begin to disappear The idea of a “systemic,” 
extranervous phase preceding invasion of the central nervous system 
must be abandoned 

The chmcal course of the disease has been shown to correspond 
with the advance of infection through and within the central nervous 
system, and a consideration of the portal of entry (olfactory mucosa), 
of tlie distribution of the lesions, of the anatomy of the nerve tracts, 
of the character and chronological order of the symptoms leads to the 
conclusion that the infection follows a fairly well marked mam route 
from the upper olfactory centers to the site m the antenor horns of the 
cord where it produces its most marked and disastrous effects This 


route leads through the olfactory nerves to the olfactory bulb, through 
the olfactory tracts to the interbrain (hypothalamus and thalamus), 
where it often excites early symptoms, through the spinothalamic 
tract to the posterior horns and intervertebral ganglia of the cord, 
where it produces the later prcparalytic symptoms, and thence to the 


antenor spinal horns The mam reason for beheving that the in- 
ection descends along a sensory tract to the posterior horns rather 
an along motor tracts, such as those with relays in the midbram, is 
1 e fact that in nearly all cases of poliomyelitis the sensory symp- 
oms— predommantly pain, either spontaneous or on manipulation — 
precede the motor symptoms A second route leads from the hypo- 
a amus to the medulla Since m the average case bulbar symptoms 
lead'' transient, and since the mam sensory tract 

route"f= medulla to the cord is apparently rarely affected, this 

regarded as being a subsidiary one 
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In pnnciple, the mode of propagation is by implantation and multi- 
phcation of virus m the ganghonic cell centers along the route with 
passage from one center to the next through the axons of the connect- 
ing nerve tracts, according to the hypothesis of Fairbrother and 
Hurst The tendency of the virus to die out m those centers where 
conditions for its survival are not optimal offers an explanation of the 
frequent occurrence of interruptions m the chnical progress of the 
disease (phenomenon of “halting”), the most striking instances of 
which are the “dromedary” phenomenon and the non-paralytic 
(“abortive”) case 

In accordance with the general conception of the disease as above 
outhned, its course may be divided into four successive stages or 
phases which are sometimes separated by intervals of symptomatic 
silence and sometimes occur m such rapid sequence that there is 
apparent overlapping The classification is shown in table 15 

It IS possible that the classification shown here may increase the 
facility of diagnosis by drawmg more attention to the earhest mani- 
festations of the disease, particularly the psychic, sensory and vege- 
tative symptoms, and brmgmg their significance into better focus 
It is to be hoped that better cooperation of the neuropsychiatrist with 
the pediatncian and internist may be obtained in the future with the 
object of studying and defining the early symptomatology with greater 
precision 

If, as is theoretically possible, the tendency to “halting” in the 
progress of the disease is due m some part to contact m the tissue 
spaces between circulating vincidal substances and virus passing 
from one neuron to the next, this would suggest the mode and tech- 
nique of treatment which promise to be most effective The essential 
features of such treatment would be use of serum of known high 
neutralizing power, maximum safe dosage, intravenous adimnis- 
tration to obtam the maximum concentration of antibodies m the 
blood stream at the earhest possible moment Treatment as at 
present generally practiced fulfils none of these requirements Intra- 
thecal admmistration, without simultaneous use of intravenous hy- 
pertomc solutions is theoretically madequate smce serum so adnunis- 
tered is unlikely to regurgitate at all or for more than a very brief 
time into the perivascular and penneuronal spaces against the normal 
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direction of flow of fluids in these channels which, in addition, are 
largely blocked by infiltrations of small cells On the other hand. 


TABJ.E IS 

Successne eUntcal pJirtses of acute poltomyeltlts 


BOCTB OT INTECTION 

AMATQinCAL SoUSCE OF 
SVUFTOUS 

CBASACTEWSTIC SYMPTOMS 

Phase I Cerebral, or dicncephabc stage 

Olfactory bulb to hy 
pothalamus aud 
thalamus, (mid 
brain, medulla) 

Hypothalamus, thal 
amus, medulla (?) 

Fever, drowsiness altematmg with rest- 
lessness and sleeplessness, %egetativc 
disturbances (sweating, etc), general 
hyperesthesia, affective disturbances 
(apprehension, fear, anxiety, aware- 
ness of trouble, heightened affective 
sensibibty, especially to pam), vomit- 
ing, headache 

Phase II 

Stage of postenor poUomyelitis lower sensory stage 

Thalamus, through 
spinothalamic tract ' 
to posterior horns 
of cord, to posterior 
root ganglia ' 

Postenor horns, pos 
tenor root ganglia ' 

Localized pains and tenderness, disturb- 
ance of pam and temperature sensibd 
ity, pam on flexion of spine, pam to 
Kemig maneuNer, meteased tendon 
reflexes 

Phase in 

Stage of antenor poliomyelitis lower motor stage 

Postenor horns and 
posterior root gan 
glia, through con 
nector fibers to an 
tenor boms, and 
columns of Clarke 

Anterior horns, cells 
of columns of 
Clarke 

A Twitchmgs tremor ataxia, weak 
ness, diminution of reflexes 

B Flaccid paralysis, loss of reflexes 

Phase IV Stage of recovery 

Ko further spread, m 
fection dies out 

trndestroyed cells 
gradually recover, 
inflammation sub 
sides 

Dimmution of extent of paralysis, dis 
appearance of pam and tenderness 


scrum admimstered intravenously would be favored in reaching the 
affected cells and tissues by the normal direction and conditions of 
flow from the capillanes and, in addition, by the conditions of in- 
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creased blood flow and vascular permeability resulting from t 
flammatory reaction existing in the affected parts 

Human serum for treatment may be selected either from pa 
recovered from the disease or from ‘'normal” persons not kno 
have had it In either case, selection should be based on the 
determination of the presence or absence, and preferably of thi 
centration, of immune substances in their blood Preliminary 
ing is perfectly practicable, though expensive, and has, in fact, al 
been put to use m practice It would be unfortunate, in my op 
to permit the serum treatment of pohomyehtis to fall into disr 
until some such attempt to improve the standards of the serur 
its administration has been made and the results properly evah 

Smce the manuscript of this paper was completed (Septe 
1932) a very considerable number of pubhcations on pohom; 
and on the vanous related subjects discussed has appeared, reff 
to which it has been impossible to include None of them has, 1 
knowledge, invahdated the principal contentions herein offered, 
experiments of Faber and Gebhardt, referred to on p 100, ha( 
3 ust begun at that time but in revising the manuscnpt for the p 
I have cited them because they offer direct confirmation of my 
thesis of route-propagation otherwise based largely — ^perhap: 
heavily — on indirect evidence and clinical inferrence 

I am deeply indebted to Dr E W Schultz, Professor of 
tenology and to Dr J C Hmsey, Professor of Anatomy, bo 
Stanford University, for their criticisms and many helpful suggesi 
and to Dr Stanley Cobb, Bullard Professor of Neuropatholoj 
Harvard University, for important cntical comments, among 
one which led to the inclusion of the reticular formation in the 
tomical scheme The responsibility for the various inference: 
theones herein presented is, of course, entirely my own 
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INTRODUCTION 

With a momentum that suggests a new discovery, there has appeared 
in the past three years a senes of reports concerning a hypochromic, 
microcytic type of anenua which occurs most commonly in women 
thirty to fifty years of age, and is associated in at least the great ma- 
jority with defective gastric secretion It is strange indeed that, ever 

since Fenwick (27), in 1870, expressed the opinion that atrophy of 
the stomach was the pnmary disorder in his patient, so much attention 
should have been devoted to the hypothesis that some disturbance in 
the gastro-intestinal tract is related to the development of pernicious 
anemia, and yet so httle interest was aroused by cases of hypochromic 
anenua associated with achlorhydna Exaimnation of the few reports 
which appeared until 1929 (24, 25, 9, 85, 26) suggests that such cases 
had simply been overlooked by the majority of physicians rather than 
that a new disorder has appeared Physicians were satisfied to rule 
out pernicious anemia and their curiosity ended when the disorder was 
labelled “secondary anemia ” The vagueness of many of the com- 
plaints, the multiphaty of the symptoms, the listlessness of the patients 
are all features which “would hardly incite chmcal enthusiasm” (20) 
It IS not unlikely that the recent discoveries in pernicious anemia have 
aroused so much interest in the study of the blood and its relation to 
gastric secretion that, as a consequence, attention has finally been 
drawn to a chmcal entity which has always existed 
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Although Emhorn (22) m 1903 recorded three instances in which 
anemia with low color index was assoaated with achylia, he did not 
call attention to these cases and it seems that Faber (24, 25) was the 
first to recognize as a nosological entity cases of “simple anemia’’ as- 
sociated with achylia His first paper in 1909 was amplified four years 
later by another in which n as considered the frequency of vanous types 
of anemia among 207 instances of idiopathic achylia, that is, achylia not 
associated with carcinoma, tuberculosis or other diseases He noted 
anemia (hemoglobm less than 80 per cent) m 59 cases or 28 5 per cent 
Among these there were 15 instances of pernicious anemia while in 37 
cases the color index was below one The anemia was particularly 
severe in 22 of the latter Faber pointed out that 19 of these 22 pa- 
tients were women, their symptoms were vague and the anemia was 
very chronic No cause for the anemia could be found and Faber 
raised the question whether the anemia imght not be related to the 
achylia This question he himself answered in the affirmative It is 
of special interest, in view of opinions expressed more recently, that 
Faber distinguished these cases from chlorosis In a later paper (1924) 
he called attention to the effectiveness of large doses of iron m treat- 
ment and recognized the tendency of the anemia to relapse 
Since Faber’s first publication, this “simple” anemia has been men- 
tioned incidentally in studies of the blood of patients with achlorhydria 
of undetermined origin (85, 37, 68, 12), and in several other papers 
(73, 9, 86) , however, ivith certain exceptions which ivill be discussed 
later, no papers dealing with this idiopathic hypochromic aneima as a 
clinical entity appeared until 1929 In the past few years, many re- 
ports have been published so that data are now available concerning 
498 cases (93a, 84, S3, 1, 20, 32, 57, 55, 18, 29, 11, 25, 73a, 79, 59, 92) 
Descriptions have been presented under a variety of names Cases 
have been reported in which achlorhydria has not been present In- 
stances of h3q3ochromic anemia associated with dysphagia and other 
cases of such anerma occurring during pregnancy have been recorded 
The pathogenesis of the anemia has been discussed and its right to 
recognition as a disease entity has been disputed It seems timely, 
therefore, to attempt to sketch the dimcal picture as afforded by the 
cases reported, and to discuss the questions which have ansen The 
discussion IS supplemented by our own observations in 25 cases 
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TABLE 1 

Summary of findings in 25 cases of idiopathic hypochromic anemia 


23 female 
2 male 


Age 

22-74 years 
Average 43 years 
64 per cent 35-50 years 
16 per cent under 35 years 
20 per cent over 50 years 

Race 

22 white 
3 colored 
(2 mulatto) 

Entrance Complaints 

Of anemia, m 84 per cent (21 cases) (weakness 12 cases, dyspnea 4, anemia 2, palpita- 
tion 1, choking 1) 

Gaslro-inlestinal, m 56 per cent (14 cases) (pam 7 cases, vague digestive complaints 5, 
sore mouth 1, sore tongue 1, difficulty in swallowmg 1) 

Nervous, m 32 per cent (8 cases) (nervousness 3 cases, headache 2, vague pam 2, 
paraesthesias 1) 

Menstrual, in 12 per cent (3 cases) (irregularity 1, pain 1, menorrhagia 1) 

Symptoms 

Of anemia, 84 per cent (21 cases) 

Gastro-intestinal, 56 per cent (14 cases) 

Paraesthesias, 36 per cent (9 cases) 

Menstrual, 32 per cent (8 cases) (menorrhagia 4 cases, amenorrhoea 2, irregulanty 2) 
Sore tongue or mouth, 32 per cent (8 cases) 

Hemorrhoids, 20 per cent (5 cases) 

Physical Findings 

Color — ^Whibsh pallor, 72 per cent (18 cases) 

Yellowish pallor, 12 per cent (3 cases) 

Brownish pallor, 16 per cent (4 cases) 

Constitution (body build) — Asthenic 24 per cent 

Hyposthemc 33 per cent 
Sthemc 33 per cent 
Hypersthenic 10 per cent 
Nutrition — ^Thm 32 per cent 

Normal 36 per cent 
Obese 32 per cent 
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TABLE i-^oncludtd 


Physical PiNDmcs— 

Color of ey«— Blue or grey, 75 per cent of white patients 
Bair prematurely grey, 20 per cent 

Tongue, papillary atrophy, 64 per cent (includes atrophy Uimted to edges of tongue) 
Spleen, palpable, 50 per cent, It^er palpable, 18 per cent 
Koilonycha, or marked longitudinal ndging with brittleness of nails, 40 per cent 
Nciirologtcal signs, none 

Etiology 

Duration of symptoms, 2 to 22 years, average 8 years 
Symptoms commenced vi early adult hfe, 24 per cent 

Snrgicol operations performed ot commencement of, or in attempt to relieve symptoms, 2Q 
per cent 

Symptoms dated from onset of tnfecUons or other dehiUtatwg disease, 24 per cent 
Symptoms definitely related to pregnancies, 20 per cent 
Diet poor, 32 per cent 

Gastric Analysis 

Achlorhydria by Ewald meal, 83 per cent (20 of 24 cases) 

Achlorhydria by histamine test, 60 per cent (12 of 20 cases) 

Achlorhydria to histamine test— 12 cases 
Achlorhydna to Ewald test (histamine not used)— 4 coses 
Achlorhydna to Ewald test but aad after hjstamine~4 cases 
Hypochlorhydna— 2 cases 
Normal hydrochlonc acid — 2 cases 

Blood Findings when patient was 6rst seen 

22 B C Average 4 15 million (1 50 to 5 86 milhon) 90 per cent between 3 00 and 
5 15 million 

Bemoglohn Average 7 7 grams per 100 cc blood (2 6 to 116 grams) 74 per cent 
between 6 0 and 10 0 grams 

Volume packed R3 C Average 29 5 cc per 100 cc blood (16 8 to 38 0 cc ) 80 per 
cent between 23 and 35 cc 

Mean corpuscular volume, average 65 c (50 to 83 c a) 75 per cent between 55 and 
7Acfi 

Mean corpuscular hcmoglohin, average 18 77 (U to 24 77) 70 pet cent between 15 and 

21 77 

Mean corpuscular hemoglobin concentrolion, average 27 per cent (22 to 31 per cent) 
83 per cent between 25 and 30 per cent 
Morphology of red Elliptical red cells noted in all cases 
Average 5,500 (4,000 to 7,000) per c.mm 
/*/(iff/e/5^200,000 to 250,000 per c mm (Rees and Ecker method) 
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ETIOLOGIC FEATURES 

Sex The almost exclusive occurrence of idiopathic hypochromic 
anemia in women (96 per cent) is an extraordinary feature of this dis- 
order Only 18 cases have been heretofore recorded in men (89, 1, 20, 
32, 55, 1 7, 18, 25) In five of these patients the anemia developed some 
years after a gastnc operation 

We have had two male patients One of these, a man of 40 years, 
(L B , table 2) is of special interest because his symptoms — ^weakness, 
indigestion, moderate shortness of breath and tightness in the chest on 
exertion, sore tongue and tinghng in the hands and feet — suggested per- 
nicious anemia and he was referred to us because “his blood did not 
fit ” The anemia was microcytic and hypochronuc m t)^e He looked 
pale and exhausted The tongue was smooth about the edges There 
were no abnormal neurologic findings Gastnc analysis revealed 
free hydrochloric acid of 12 Other examinations were negative and 
no cause for the anerma could be discovered Treatment with large 
doses of iron has been successful in relieving all his symptoms and he is 
now able to work for the first time in two years Dameshek has de- 
scribed a similar case (17) 

Age In figure 1, the age distribution of 260 cases (55, 25, 60a, 93a, 
17, 53, 73a, 32) is indicated Sixty per cent of the cases were en- 
countered between the ages of 30 and 50, and 82 per cent between 20 
and 50 years The most stnking feature is the marked decrease in the 
incidence of this t 3 ipe of aneima after 50 years of age It should be 
pointed out that these statistics represent the age at discovery and not 
the age at onset of the anemia It is indeed quite unusual for this 
anemia to commence in women after the menopause Nevertheless, 
it does not seem to be true, as some writers (84) have suggested, that 
idiopathic h 3 rpochromic anemia is never encountered after reproductive 
functions have ceased 

jRflce We have found no reports of cases of idiopathic hypochromic 
anemia among negroes but it should be pointed out that all of the publi- 
cations, with one exception, have come from locahties where few mem- 
bers of this race are found Our own data, however, suggest that this 
aneima is not common among negroes for we have encountered only 
three cases and two of these patients were mulattoes It is well to 
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recall, nevertheless, that anemia is less hkely to be discovered m this 
race and that the clinical picture more often may be obscured by as- 
sociated infections It is thus difficult to make a proper estimate of 
the occurrence of idiopathic hypochromic anemia in the negro race 
Keefer (44a) states that this type of anemia is not infrequent among 
Chinese patients 



Tig 1 Age Incidence of Idiopatoic Hvpocheoiiic Anemia 

Two hundred and sixty reported cases The shaded portion represents our ow n twenty 
five cases 

Consliluhonal type Witts (89) and Waugh (84) state that the ma- 
jonty of these patients are slender and asthenic This has not been 
the case with our patients, most of whom were hyposthenic or sthenic 
in build Like Witts, hoivever, we have been impressed by the re- 
semblance of some patients to the type so frequently encountered m 
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pernicious anemia with light-colored eyes set widely apart, prema- 
turely gray hair and wide costal angles (table 1) 

Farmhal tnadence As in pernicious anemia, it is not unusual to 
find a family history of anemia in patients suffering from idiopathic 
hypochromic anemia In several instances pernicious anemia has been 
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these cases was probably quite correct Whether the h 3 q)ochromic ane- 
mia encountered was in each case the same as idiopathic hypochromic 
anemia is more difficult to determine The information in most of 
the early reports is scanty, there being little more than the statement 
that no cause for the anemia could be discovered It is noteworthy 
that one of the members of the family of Maclachlan and Kline was 
considered, on the basis of clinical symptoms, to be suffenng from 
pernicious anemia but the color mdev was 0 5 It seems not unlikely 
that this man had idiopathic hypochroimc anemia and we have so 
designated him in figure 2 Another member of this family had marked 
hypochromic anemia and hypochlorhydna However, m the remain- 
ing SIX instances of h)q)ochromic aneima in this family the secretion of 
hydrochloric acid was normal. The cases of hypochromic anemia in 
the families described by Gram, Witts, and Heath were probably true 
cases of idiopathic hypochromic anenua The patients desenbed by 
these authors are of special interest because m several instances the 
microcytic hypochromic anemia later changed to the macrocytic type 
(permcious anemia) 

The famihes ated above are of course isolated instances and have 
been reported because of their extraordinary nature It is difficult 
to determine how frequently less striking family histones may be en- 
countered Although special enquiry for familial cases was not made 
in his cases, a family history of anemia was given by three of Witts’ 
SO patients (89) A family history of anemia was discovered in two 
of 22 of our own cases in which enquiry was made The father of one 
of our patients had died of pernicious anemia In discussing her 
father’s illness this patient remarked that she resembled her father in 
nervous disposition and m build, colonng and features The brother 
of another patient’s father and the sister of her mother, had mamed 
and their daughter had been a patient in this hospital at the age of 
eighteen years She had had chlorosis and interestingly enough her 
blood findings were almost identical ynth those of our own patient 
Unfortunately no gastnc analysis had been made 
Bygicmc factors Although patients have been found m all classes 
of society, there can be little doubt that poor hygienic surroundings 
contnbute to the continuation and aggravation of the anemia We 
have been impressed with the frequency of a story of inadequate con- 
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valescence in the cases which commenced dunng pregnancy In a 
number of mstanceSj moreover, the diet has been poor, although exami- 
nation of case histones does not suggest that defective diet is respon- 
sible for the development of anemia in at least the majority of cases 
Nevertheless, it is true that in not a few cases flatulence, dyspepsia and 
poor appetite have led to the taking of a poorly balanced, inadequate 
diet nch in carbohydrates and poor in hemoglobin-bmlding foods, with 
the result that a vicious circle of anemia, poor diet and more severe 
a n P Tma may have become established 

SYMPTOMATOLOGY 

Onset The onset of idiopathic hypochromic anemia is character- 
istically insidious The time at which the patient calls for the physi- 
cian’s help is of course influenced by many factors not concerned with 
the anenua itself, but it is unusual for the patient to present herself 
before the hemoglobin falls to 10 grams (70 per cent) and it is often 
much lower than this The typical story is one of long continued ill- 
health In our cases the duration of symptoms vaned from 2 to 22 
years and averaged 8 years In Witts’ senes (89) the average duration 
of symptoms was 5 years In as many as 25 per cent of our cases com- 
plaints had been present since early adult hfe In an equal number 
s3miptoms were dated from the time of onset of some infection or other 
debihtating disease, the patients stating that they had never regained 
full strength and vigor since that time In several cases, some opera- 
tion preceded the development of complaints In 17 per cent of 
our patients the onset of symptoms was definitely associated with 
pregnancy 

Entrance complaints Complaints are charactenstically vague and 
indefimte and they may call to mind a great variety of diseases All 
writers, however, stress the frequency with which weakness and ready 
fatigue, and an ever present feehng of “dead-tiredness” are the major 
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complaints, the anemia being discovered acadentally Thus one of 
our patients was referred because of the pallor of her retinae observed 
by an ophthalmologist whom she had consulted on account of a film 
over her eyes (uveitis) Although her hemoglobin was only 8 5 grams 
(59 per cent) she insisted that she was perfectly well She admitted 
having been told that she was anemic si\ years before but she was not 
concerned about this It seems rather charactistic of these patients 
that they become adjusted to a state of chronic ill health 

Gastro intestinal system Vague complaints referred to the gastro- 
intestinal tract are quite common m this disorder and include such 
symptoms as abdominal pain or distress, loss of appetite, flatulence, 
eructation, nausea, constipation, and sometimes vomiting or diarrhoea 
The latter occurred in eleven of Witts’ SO cases (89), but m Meulen- 
gracht’s (55), Haden’s (32), and in our senes this was not a prominent 
symptom Occasionally diarrhoea, resulting from the achlorhydria, 
may become a major complaint As the consequence of these gastro- 
intestinal symptoms, many of these patients become ettraordinanly 
careful about their choice of food and, finding that carbohydrates cause 
least distress, they partake of a diet which is least efficient in blood 
regeneration 

Sore tongue or sore mouth are frequently encountered Symptoms 
referred to the tongue or mouth were noted in approximately 28 per 
cent of 238 cases As Meulengracht (55) and others (44, 57) have 
stated, however, the glossitis rarely approaches the frequency and in- 
tensity observed in pernicious anemia Thus m only one of our cases 
was the sore tongue a suffiaently prominent symptom for it to be men- 
tioned by the patient without questioning 

Occasionally the stomatitis is very severe One of our patients had 
suffered from intermittent attacks of sore mouth for 12 years She de- 
senbed it to be “hke thrush in a baby ” Dunng the attacks the comers 
of her mouth became sore and cracked, and on the mucous membrane 
of the cheeks small, pale bhster-like lesions surrounded by a slight area 
of erythema appeared The tongue at the same time became dull red 
With rehef of the anemia these symptoms disappeared but several 
months after treatment was discontinued, the sore mouth and anemia 
returned 

Dysphagia In the past few years there has been described a clmical 
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valescence in the cases which commenced dunng pregnancy In a 
number of instances, moreover, the diet has been poor, although exami- 
nation of case histones does not suggest that defective diet is respon- 
sible for the development of anemia in at least the majority of cases 
Nevertheless, it is true that in not a few cases flatulence, dyspepsia and 
poor appetite have led to the taking of a poorly balanced, inadequate 
diet rich in carbohydrates and poor m hemoglobin-building foods, with 
the result that a vicious circle of anemia, poor diet and more severe 
anemia may have become estabhshed 

SYMPTOMATOLOGY 

Onset The onset of idiopathic hjqiochromic anemia is character- 
istically insidious The time at which the patient calls for the physi- 
cian’s help is of course influenced by many factors not concerned with 
the anemia itself, but it is unusual for the patient to present herself 
before the hemoglobin falls to 10 grams (70 per cent) and it is often 
much lower than this The typical story is one of long continued iU- 
health In our cases the duration of symptoms vaned from 2 to 22 
years and averaged 8 years In Witts’ series (89) the average duration 
of symptoms was 5 years In as many as 25 per cent of our cases com- 
plaints had been present since early adult life In an equal number 
symptoms were dated from the time of onset of some infection or other 
debihtating disease, the patients stating that they had never regained 
full strength and vigor since that time In several cases, some opera- 
tion preceded the development of complaints In 17 per cent of 
our patients the onset of symptoms was definitely associated with 
pregnancy 

Entrance cotnplaints Complaints are charactensticaUy vague and 
indefimte and they may call to mind a great vanety of diseases All 
writers, however, stress the frequency with which weakness and ready 
fatigue, and an ever present feeling of “dead- tiredness” are the major 
complaints S)Tnptoms which are usually associated with anemia, 
such as weakness, shortness of breath, palpitation and choking sensa- 
tions were the entrance complaints of 84 per cent of our cases Only 
superseded by these, however, were the symptoms referred to the 
gastro-intestmal tract (56 per cent) while nervous and menstrual S3Tnp- 
toms were somewhat less common (table 1) A few patients have no 
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Auerbach’s plexus Kelly suggested that the sensoiy portion of tl 
nervous arc might have become hyperesthetic as the result of irntatic 
by foreign bodies, fissures or inflammation wth consequent hype 
activity of the motor fibres and the subsequent development of a “nen 
habit ” 

Paterson called attention to the common association of this spa 
modic dysphagia with superficial glossitis He remarhed, as did Keh 
that these patients often were forced to take a senu-sohd diet on a 
count of their dysphagia He descnbed his patients as pale and sallo 
and a number had lost weight Their tongues were excessively smool 
and glossy Wlutish patches were noted on the dorsum of the tongi 
and on the buccal mucous membranes, and the angles of the moul 
were frequently cracked The mucosa of the pharynx looked vei 
thin and appeared to have lost its suppleness and resiliency 

In 1922 Vinson (81) reported 69 cases collected from the Mayo Clin 
records He stated that Plummet had first noted this condition 
1914 Fifty-seven of Vinson's patients were women He was ir 
pressed by the frequency with which the symptoms had started abrupt 
at a time nhen the patient choked over a piece of sohd food In ; 
patients the hemoglobin was below 60 per cent In twelve the splei 
was palpated Oesophagoscopy revealed no abnormality and passa; 
of a bougie, together with treatment of the anemia with iron, was ft 
lowed by relief of symptoms 

In a subsequent review of the Mayo clinic cases, Moersch and Co 
ner (59) collected 65 cases for which adequate data were availabl 
These data further emphasized the great preponderance of this dy 
phagia in women, and the frequent association of anemia of a hyp 
chromic type with palpable spleen and glossitis or stomatitis In 8 
10 patients examined, achlorhydna was found Paresthesias we 
noted itt five patients, and diarrhoea in an equal number 
Subsequent reports (58, 66, 13, 42, 92, 29) have served to emphasi 
the features already mentioned It is clear that glossitis, stomatil 
and anemia are commonly assoaated with this type of dysphagi 
Achlorhydna was noted in 11 of Witts’ 13 patients (92) and m all £ 
of those studied by Graham and Johnson (29) 

Opinions concernmg the cause of the dysphagia are varied The e 
planation proposed by Kelly has already been mentioned Hurst (3 
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-JT that spasm results from inflammatory changes in the 

encmgs vrhich are produced by the streptococcus longus In 
’■37"-^ die tsual anamnesis of these patients, Cameron flS) has sug- 
Tnsii in these cases a vicious circle operates Debihty and 
rrrm rsscdated with the climacteric, changes in the phar 3 mgeal mu- 
fvHgrragia, limitation of food, accentuation of anemia and aggra- 
"7i -r— cf all the symptoms, is a frequently noted series of events 
" "."Trr fcs not consider the anemia to be due to dietary deficiency and 
""inr argnes that the anemia is not due to dysphagia He has ob- 
— r T si n case in which anemia of the same type reappeared without 
f’-smrnSH after iron therapy had been discontinued 
Ice c c c nr rence of tins syndrome almost exclusively in women 30 to 
5' "cccs cf age, the presence of glossitis and stomatitis, achlorhydria, 
'C-enrmegaly, koilonychia, paresthesias without objective neurologic 
irtifns. cs well as a microcj’tic, h3q50chromic anemia which responds 
'.c c sneccacular fashion to the admimstration of large doses of iron, 
— nn a clinical picture mdistmgmshable from idiopathic hj’po- 
^cr.mfc anemia and differentiated only by the presence of dysphagia, 
chcc^ m many instances aU other symptoms have been reported as 
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Davies (21) refers to the occurrence of licmatcynesis without apparent 
cause m 3 of his patients In view of the resemblance of this tnad 
of anemia, splenomegaly and hematemesis to Banti’s sjmdrome, the 
occurrence of this symptom is of special interest We have encoun- 
tered one such case 

Ecmalcmesis, vicUna, ncgahvc^ ro-tnlesltnal tract except for ochlorhydna, 
microcytic hypochromic anemia, paracsthesias, koitonychia R A , a white 
Amencan housewife 45 years of age, first appeared at this hospital m October 
1931 complaining of pam over the sacrum, tip of the spine and occipital 
region of the head, as well as a feeling of pressure and soreness m various 
parts of the body Her sister had died of tuberculosis at 22 years of age, 
and her father, two brothers and another sister were known to be suffenng 
from this disease The patient, however, seemed to be free of this infection 
and until 1924 had been in excellent health She had been pregnant six 
times and had miscarried once In 1924 weakness and tiredness appeared, 
without apparent cause Three years later, the menstrual penods which 
had been perfectly regular, became irregular and the flow became veiy 
copious The latter symptoms were alleviated by a hysterectomy in 1929 
In spite of this, however, tiredness and weakness continued 

In December 1930, she suddenly became weak and dizzy and this was 
followed by the passage of large quantities of black blood per rectum 
There was no pain 1 out days later she had a sudden attack of vomiting 
and brought up a moderate quantity of dark blood 

These symptoms disappeared completely and the patient gradually re- 
gained some strength In December 1931, the melena and hematemesis 
reappeared in the same manner as m the first attack and disappeared as 
quickly After three months confinement to bed the patient regained some 
strength but even when she was first seen at this hospital in June 1932, she 
was weak and stated that she tired \ ety readily There w ere few additional 
symptoms There was no cough The appetite was moderate and there 
were no gastro-intestinal symptoms The diet was apparently normal 
Her weight had increased from 100 to 133 pounds since December Her 
tongue had never been sore Occasionally she felt numbness and tingling 
in the legs On questioning she stated that in the past six months her nails 
had been sore and broke \eiy readily 
Examination revealed a quiet, very pale, exhausted looking woman She 
was of the sthenic habitus and had blue eyes The body tended to be some- 
what obese The mucous membranes and skin showed no evidence of 
telangiectases The tongue was smooth and shiny with definite papillarv 
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atrophy The lungs were clear Aortic and mitral systohc murmurs were 
heard over the heart The hver and spleen were not felt The finger nails 
were brittle, broken and irregular and showed some mcurving Rectal 
examination revealed a few small external hemorrhoidal tags Complete 
neurologic exaimnation was normal. Orthopedic exammation of the spme 
was normal A thorough gastro-intestinal study failed to reveal any cause 
for the hemorrhages Gjmecologic exammation was likewise normal By 
gastnc analysis no free hydrochlonc acid was discovered, even after hista- 
imne stimulation The red cells numbered 4 86 mdhon, the hemoglobin was 
7 3 grams, the mean corpuscular volume 60 c ju , the mean corpuscular 
hemoglobm concentration 25 per cent, and the icterus mdex 3 

Following the admimstration of large doses of iron the anemia has gradu- 
ally disappeared and the patient has regained her strength No further 
hemorrhages have occurred to date 

Hemorrhoids which bled occasionally were present in five of our pa- 
tients It seemed clear from their histones, however, that the small 
amount of blood lost m this way could not account for the severe degree 
of anemia present 

Cardto-respiraiory system Dyspnea, palpitation , choking sensations 
and even edema may be encountered In two of Witts’ cases, (89) 
true anginal pain on exertion which disappeared on repair of the ane- 
mia, was present These are all symptoms which have come to be 
associated with anemia of any type 

Ge7iito-urmary systmti Menorrhagia of varying degrees which is 
not assoaated with orgamc pelvic disease, appears to be a symptom 
of some importance in these patients It was a complaint in 15 per 
cent of 189 cases (89, 20, 32, 29, 11, 79) for which information on this 
subject IS available but, since many writers have not even mentioned 
this symptom, its incidence may be exaggerated by this figure In no 
reports has menorrhagia been considered to be more than, at most, a 
contributing factor m the development of the anemia Very often 
this symptom has appeared many years after the onset of symptoms 
of anemia; in other cases it was not of such seventy as would be ex- 
pected to cause the degree of anemia present In several cases hyster- 
ectomy was not followed, even in two or more years, by relief of the 
anemia and this only took place after iron was given It does not seem, 
therefore, that in these cases the uterine bleeding is the fundamental 
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cause of the anemia Haden (32) found that m his patients the ab- 
normal bleeding was relieved when the blood returned to normal under 
iron therapy Minot emphasizes this feature (57a) 

Irregularity of the menstrual flow and amenorrhoea are less common 
symptoms The latter occurred m five of Witts’ 50 cases and m two of 
our own 

In view of the frequency of renal disturbance in pernicious anemia 
(15, 75), it would he of interest to know the state of renal function m 
this type of anemia Unfortunately tlie literature affords no informa- 
tion on this subject In four of our patients occasional traces of al- 
bumin were found in the unne but, with one exception, no casts or red 
blood corpuscles were noted on microscopic examination, and the fluc- 
tuations in specific gravity were normal Phenolsulphonephthalem 
tests were earned out in eleven patients Only in the one case above 
mentioned was the dye excretion below normal (35 per cent) This 
was a woman of 66 years who showed moderate arteriosclerosis and 
hypertension 

Neurologic system Numbness and tingling in the hmbs is not un- 
usual m idiopathic hypochromic anemia This symptom was noted 
in 17 per cent of 234 cases (89, 21, 32, 57, 17, 11, 59) concerning which 
information is avaUable, and was even more common in our senes 
(36 per cent) It is noteworthy, however, that this complaint rarely 
attains the prominence encountered in perniaous aneima In only 
one of our patients was it a major complamt As Meulengracht (55) 
has pointed out, the paresthesiae are mild and of a more transitory 
nature than m permcious anemia, “reminding one of the acropares- 
thesiaefrequentlyappeanng in the menopause ” In one of our patients 
the numbness was felt in the left side of the chest 

Objective neurologic findings are very rare in idiopathic hypochromic 
anemia Only two cases in which the latter signs were found, have 
been reported and even m these the signs were by no meansunequivocal 
Witts (89) had a patient with hypochrormc anemia, sore tongue and 
achlorhydria, who complained of increasing weakness of the legs with- 
out unsteadiness or paresthesiae The abdominal reflexes and the 
nght ankle jerk were absent Dameshek’s patient (17) complained 
of numbness and tingling of the fingers and toes and was found to have 
a "definitely positive Babinski” on the left, absent nght knee jerk. 
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some hyperesthesia of the lower extremities but vibratory sensation 
and all other neurological signs were normal 
Physical examination The appearance of these patients is often 
quite charactenstic They do not look acutely ill, but appear tired 
and lifeless, and resigned to a state of chrome invalidism Their 
fatigued, listless expression is charactenstic The pallor is stnkmg 
The appearance is waxy and bloodless m the more severe cases The 
color IS usually white but not infrequently it is rmxed with a light 
brownish coloring of skm Less commonly, the yellowish pallor of 
pernicious anemia is simulated In such instances, however, the con- 
junctivae wdl not be found ictenc and the sclerae are blue or pearly 
white The hair is often scanty, dry and bnttle The skm may be 
wnnkled to an imusual degree and is inelastic (20) 

Equal numbers of our patients were thin, normal and obese Men- 
tion has already been made of the frequent similarity m the body bmld 
of these patients to the constitutional type described in pernicious 
anemia 

Papillary atrophy of the tongue is common The atrophy may be 
very striking, but usually it is less marked than in pernicious ane- 
mia and it may be hmited to the edges of the tongue Atrophy of 
some degree was noted in 64 per cent of our patients and in 50 per cent 
of Witts’ cases (89) Information on this subject is available concern- 
ing a total of 238 cases (89, 20, 32, 17, 29, 11, 73a, 79, 59, 92) Atrophy 
was noted in 39 per cent 

Slight cardiac enlargement may be encountered Functional sys- 
tolic murmurs are very common 

The abdominal wall is atomc and inelastic The edge of the liver 
has been felt in a small proportion of cases The spleen was palpable 
in 50 per cent of our cases Of a total senes of 255 cases (89, 84, 53, 1, 
21, 57, 11, 20, 92), this organ has been felt m 33 per cent The size of 
the spleen is never very great It has been found to extend at most to 
three finger-breadths below the costal margm In a number of our 
cases its edge could not be made out until the patient was turned on 
her right side With successful treatment the spleen frequently re- 
cedes within the costal margin (89) 

Eaznelson, Reimann and Weiner (44) have called attention to a 
peculiar flattening and concavity of the finger-nails, koilonychia, which 
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IS sometimes encountered m these patients In extreme examples of 
this abnormality, the concavity is so marked that a drop of water may 
be held on the nail Usually the nails of h\o or three fingers are so 
affected m hile the other nails appear dull and lustreless and are longi- 
tudinally striated and irregular (tig 3) 

Extreme changes in the nails arc infrequent but it is common to find 
less marked modifications and a number of patients, when specifically 



Tic 3 Koilonxciba in Idiopatiuc Hypochromic Anemiy 

Note CYpeciallj the concavip of the nail of the right index finger and the marked longi 
tudinal stnations of all the nails 

questioned, state that their nails are bnttle and break very readily 
In a number of our cases they have been sore Nail changes were noted 
in 40 per cent of our patients and in approximately 30 per cent of 137 
reported cases (89, 20, 17) in which such observations were made 
Witts has made the interesting observation that “on cure of the ane- 
mia the new nail has the normal contour so that for some time there 
is a ndge marking the beginning of successful treatment” (89) One 
of our patients ivho has non suffered several relapses because of neg 
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lect of treatment, has stated that the return of anemia is announced, 
along with weakness and sore tongue, by soreness of the finger-nails 

Koilonychia, while no doubt not specific to this disorder is never- 
theless a characteristic and interesting S3miptom It is known that 
traces of iron are present m all living cells and are necessary for bio- 
logic oxidations (82) It has been suggested that the dystrophy of the 
nails IS the result of a poor supply of iron to the germmative cells of the 
nail root (36, 18) 

Comphcatmg o) associated conditions In approximately 30 to 40 
per cent of cases of idiopathic hypochromic anemia, some associated or 
complicating disorder has been present Thus 11 of Dameshek’s 25 
cases were complicated six by recent pregnancy, two by extensive 
operations on the stomach, and one by dysphagia, one by myxedema 
and one by beef-tapeworm infestation Among our own 25 cases the 
following conditions were found m one case each arthritis, rheumatic 
heart disease, chronic cholecystitis, syphilis, uveitis, dysphagia and 
gastro-enterostomy The relation of dysphagia to idiopathic hypo- 
chromic anemia has already been discussed The significance of re- 
peated pregnancies and of extensive gastric operations will be consid- 
ered m a later section That some of the other complications above 
mentioned aggravate the anemia can hardly be doubted, that they are 
solely responsible for it, seems highly improbable Although they may 
be removed the anemia persists and, even when the anemia has sub- 
sequently been relieved by iron therapy, it often returns when iron 
IS discontinued Mills (57) mentions an interesting case m which 
myxedema was a complication After both the anemia and the hypo- 
thyroidism had been successfully treated by the administration of iron 
and of thyroid extract, the latter was discontinued The myxedema 
promptly reappeared but the blood remained normal 

THE GASTRIC SECRETION 

It was the frequent association of hypochromic anemia with achlor- 
hydria which led Faber to call attention to the condition under dis- 
cussion In some of the succeeding reports achlorhydria was consid- 
ered to be a necessarily associated sign of this disease as the name 
“simple achlorhydric anemia” used by several writers (89, 20, 32) indi- 
cates Added experience suggests, however, that achlorhydria is not 
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as consistent a sign in this disorder as it is in pernicious anemia and 
even observers like Haden (32) and Meulengracht (55) who have 
limited their cases to those m which achlorhydna was found by the 
Eh aid test meal, admit that “the achylia is not of the same radical 
character as in pernicious anemia ” 

One of the observed points of difference on which all writers agree 
IS that, in some cases, histamine injection is followed by the appearance 
of free hydrochlonc aad although none is secreted in response to an 
Ewald meal Several ivnters have included among their cases, patients 
who secreted small amounts of free hydrochlonc acid in response to 
the Ewald test and a few have observed rare cases which corresponded 
m every respect to the disorder here considered except that the secre- 
tion of hydrochlonc acid was found to be normal (83, 17, 11) 

Examining the gastric secretion of idiopathic hypochromic anemia in 
some detail, Davies (21) has called attention to an excessive secretion 
of mucus and decreased secretion of pepsin The latter was entirely 
absent in four of his fifteen cases Histamine was found to increase 
somewhat the total volume of secretion as well as the amount of pep- 
sin and in six cases the pH decreased, with free hydrochlonc acid ap- 
peanng m four instances In contrast to these findings, Davies noted 
in the gastnc secretion of cases of pernicious anerma, no mucus, great 
diminution or total absence of pepsin secretion, and no change in the 
volume or pH after histamine stimulation 

It IS also interesbng to note, as further evidence of the incomplete 
nature of the gastnc deficiency in this type of anerma, that Castle and 
his associates were able to demonstrate the presence of "mtnnsic fac- 
tor” m the gastnc secretion of three cases of hypochromic anemia, 
although m two of these patients it was present in less than the normal 
amount 

It is thus clear that in idiopathic hypochroimc anemia the disturb- 
ance in gastnc secretion is not as grave as is found m pemiaous anemia 
As more cases are observed and the clinical charactenstics of this 
anemia become more clearly defined, it seems that achlorhydria must 
not be made too ngid a critenon for differentiation and it becomes ap- 
parent that a few patients without achlorhydna may be encountered 
whose symptoms, blood findings, response to treatment, and tendency 
to relapse when therapy is discontinued, make up a clinical picture m- 
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lect of treatment, has stated that the return of anemia is announced, 
along with weakness and sore tongue, by soreness of the finger-nails 

Koilonychia, while no doubt not specific to this disorder is never- 
theless a characteristic and interesting symptom It is known that 
traces of iron are present in all living cells and are necessary for bio- 
logic oxidations (82) It has been suggested that the dystrophy of the 
nails IS the result of a poor supply of iron to the germmative cells of the 
nail root (36, 18) 

Complicating or associated conditions In approximately 30 to 40 
per cent of cases of idiopathic hypochromic anemia, some associated or 
complicating disorder has been present Thus 11 of Dameshek’s 25 
cases were complicated six hy recent pregnancy, two by extensive 
operations on the stomach, and one by dysphagia, one by myxedema 
and one by beef-tapeworm infestation Among our own 25 cases the 
following conditions were found m one case each arthritis, rheumatic 
heart disease, chronic cholecystitis, syphilis, uveitis, dysphagia and 
gastro-enterostomy The relation of dysphagia to idiopathic hypo- 
chromic anemia has already been discussed The significance of re- 
peated pregnancies and of extensive gastric operations will be consid- 
ered m a later section That some of the other complications above 
mentioned aggravate the anemia can hardly be doubted, that they are 
solely responsible for it, seems highly improbable Although they may 
be removed the anemia persists and, even when the anemia has sub- 
sequently been relieved by iron therapy, it often returns when iron 
IS discontinued Mills (57) mentions an interesting case in which 
myxedema was a complication After both the anemia and the hypo- 
thyroidism had been successfully treated by the administration of iron 
and of thyroid extract, the latter was discontinued The myxedema 
promptly reappeared but the blood remained normal 

THE GASTRIC SECRETION 

It was the frequent association of hypochromic anemia with achlor- 
hydria which led Faber to call attention to the condition under dis- 
cussion In some of the succeeding reports achlorhydria was consid- 
ered to be a necessarily associated sign of this disease as the name 
“simple achlorhydric anemia” used by several writers (89, 20, 32) indi- 
cates Added experience suggests, however, that achlorhydna is not 
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as consistent a sign in this disorder as it is in pernicious anemia and 
even observers like Haden (32) and Meulengracht (55) who have 
limited their cases to those in which achlorhydna was found by the 
Ewald test meal, admit that “the achylia is not of the same radical 
character as in pernicious anemia ” 

One of the observed points of difference on which all wnters agree 
IS that, in some cases, histamine injecbon is followed by the appearance 
of free hydrochlonc acid although none is secreted in response to an 
Ewald meal Several wnters have included among their cases, patients 
who secreted small amounts of free hydrochlonc acid in response to 
the Ewald test and a few have observed rare cases which corresponded 
in every respect to the disorder here considered except that the secre- 
tion of hydrochlonc acid was found to be normal (83, 17, 11) 

Examining the gastric secretion of idiopathic hypochromic anemia m 
some detail, Davies (21) has called attention to an excessive secretion 
of mucus and decreased secretion of pepsin The latter was entirely 
absent in four of his fifteen cases Histamine was found to increase 
somewhat the total volume of secretion as well as the amount of pep- 
sin and in six cases the pH decreased, with free hydroclilonc aad ap- 
peanng in four instances In contrast to these findings, Davies noted 
in the gastric secretion of cases of pemiaous anemia, no mucus, great 
diminution or total absence of pepsin secretion, and no change in the 
volume or pH after histamine stimulation 

It IS also interesting to note, as further evidence of the incomplete 
nature of the gastnc deficiency in this type of anemia, that Castle and 
his associates were able to demonstrate the presence of "mtnnsic fac- 
tor” in the gastnc secretion of three cases of hypochromic anemia 
although in two of these patients It was present m less than the normal 
amount 

It IS thus clear that in idiopathic hypochromic anemia the disturb- 
ance m gastric secretion is not as grave as is found in pernicious anemia 
As more cases are observed and the clinical charactcnstics of this 
anemia become more clearly defined, it seems that achlorhydna must 
not be made too ngid a criterion for differentiation and it becomes an- 
parent that a few patients without achlorhydna may be encounter^' 
whose symptoms, blood findings, response to treatment, and tendon 
to relapse when therapy is discontinued, make up a clinical picture 
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distinguishable from idiopathic h 3 ^ochromic anemia In classifying 
our own patients we have been guided by these considerations and have 
found that the cases could be subdivided on the basis of gastric secre- 
tion into four classes 

(1) A group in which no free hydrochloric acid was secreted even 
after histamine stimulation, this was noted in 60 per cent of the cases, 

(2) Patients who secreted low or normal amounts of free hydrochloric 
acid after histamine stimulation although the Ewald meal had been 
ineffective in ehciting acid (23 per cent) , 

(3) Cases of hypochlorhydria (Ewald) (8 5 per cent) , 

(4) Cases in which the secretion of hydrochloric acid seemed to be 
normal (8 5 per cent) 

Includmg our own patients reports are now available concerning 
gastric analysis in a total of 334 cases (93a, 84, 53, 1, 20, 32, 57, 55, 
18, 29, 11, 73a, 79, 59, 92) In 84 per cent no free hydrochloric acid 
was found by the Ewald test 


THE BLOOD 

The blood picture is one of the most charactenstic features of this 
disorder The erythrocyte count when considered in relation to the ap- 
pearance of these patients, is found to be surprisingly high The red 
cells may even be normal in number and we have encoimtered values 
as high as 5 86 nnlhon when the hemoglobm and volume of packed red 
cells were far below normal (table 2, patient MR) In 90 per cent 
of our patients the red cells numbered between 3 00 and 5 15 miUion 
The lowest coimt was 1 50 imlhon but such a count is very unusual in 
this type of anemia 

The striking deficiency is found in the Imnoglohn content of the 
blood This IS reduced far out of proportion to the number of red cells 
and even out of proportion to the volume of packed red cells In 74 
per cent of our cases the hemoglobin was 6 to 10 grams per 100 cc of 
blood (41 to 70 per cent) Values of 6 to 8 grams (41 to 55 per cent) are 
most often encountered The volume of packed red cells was 23 to 35 
cc in 80 per cent of our cases 

The disproportion between the relatively normal erythrocyte coimt 
and the reduction in hemoglobin and m volume of packed red cells 
can be readily understood when the blood smear is examined The 
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great majonty of the red cells are small and poorly filled with hemo- 
globin, although a few macrocytes and some polychromatophihc cells 
are frequently encountered Reticulocytes may be normal, or some- 
what increased in number The mean diameter of the cells is found 
to be reduced (6 2 to 6 7/i) and the Pnce-Jones curve has a broadened 
base and is swung to the left (S3, 63) Poikilocytosis is often rather 
marked Elliptical erythrocytes are almost constantly found These 
have occasionally been rmstaken for sickle cells but true sickhng does 
not occur m fresh preparations of the blood Occasionally small nu- 
cleated red cells (microblasts) or normoblasts are seen 

The extreme microcytosis and hypochromia are readily demonstrated 
by the calculation of the mean volume and hemoglobin content of the 
erythrocytes In our cases when first examined, the mean corpuscu- 
lar volume' averaged 65 c n and m 75 per cent of the patients this ranged 
between 53 and 74 c We have observed values as low as 50 c 

The mean corpuscular hemoglobin is likewnse greatly reduced This 
constant ranged between 15 and 2lyy in 70 per cent of the cases and 
averaged I877 Unlike the majority of anemias, the mean corpuscular 
hemoglobin in this type of anerma is reduced even more than the mean 
corpuscular volume and this becomes manifest when the mean cor- 
puscular hemoglobin concentration is calculated (88) This value was 
markedly reduced in all cases before treatment was instituted, being 
above 30 per cent only m one instance In 83 per cent of the cases this 
ranged between 25 and 30 per cent and in a few it was even lower 
The average value was 27 per cent 

Similar information may be denved by the calculation of the in- 
dexes The volume index is reduced below normal (0 65 to 1 07, a\er- 
age 0 76), the color index even more markedly (0 42 to 0 81, average 
0 62) and the saturation index is likewnse found to be low (0 64 to 1 00, 
average 0 80) (32) 

The reduction in the mean volume and hemoglobin concentration of 
the red cells is of considerable assistance in differentiating this from 
other types of anemia In pernicious anemia and in other macrocytic 
anemias the mean corpuscular volume is greater than normal and the 

* The normal range of mean corpuscular \ olume 13 82 to 92 c p, of mean corpuscular 
uemoglobm 27 to 31 77 , and of mean corpuscular hemoglobm concentraUon 32 to 36 per 
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mean corpuscular hemoglobin concentration is usually normal In 
anemias due to blood destruction such as those caused by the malaria 
parasite and in aplastic anennas there is no significant alteration m the 
mean volume or hemoglobin content of the erythrocytes In the ane- 
mia associated with various infections and toxic processes relatively 
shght microcytosis and only a slight reduction in mean corpuscular 
hemoglobin concentration (30 to 32 per cent) is encountered (87a) , The 
very marked nncrocytosis and h 3 T)ochroniia above described have been 
found only in idiopathic hypochromic anemia, in the anemia resulting 
from chronic blood loss, in hookworm disease, and m chlorosis 

In some cases increased resistance of the erythrocytes may be noted 
by the macroscopic test but Waugh, using a microscopic tech- 
nique, has found quite regularly an increased resistance in the lower 
salt concentrations and increased fragihty in the higher concentrations 
(84) 

No evidence of increased hlood destruction is to be found The ic- 
terus index is normal or more commonly it is below normal Uro- 
bilin is present in normal or reduced quantities in the urine (55, 32) 

There does not appear to be any significant change in the leucocytes 
They may be normal m number but they are often slightly reduced (55). 
There is some disagreement concerning the occurrence of granulo- 
cytopenia and relative lymphocytosis in this type of anemia (32), but 
it seems that on the whole the differential count is normal (55) The 
platelets have been found normal or very slightly reduced in number 
Dameshek (18) has, however, reported one case in which the platelets 
numbered 44,000 and petechial hemorrhages and ecchymoses occurred 
Minot (57a) has also observed such cases and refers to the efiicacy of 
iron therapy m such instances of thrombopenia as distinguishing them 
from other types 

PATHOLOGY 

The sternal bone marrow, examined during life, was found by Weiner 
and Kaznelson (86) to be crowded with normoblasts and, m contrast 
to permcious anemia, megaloblasts were entirely absent No signifi- 
cant deviations from the normal in the leucocytes of the bone marrow 
were observed Similar observations at sternal biopsy have been re- 
ported by Dameshek (17) However, Witts (89) found only fatty 
marrow m the shaft of the tibia in one patient 
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Only a few autopsies have been reported The bone-marrow was 
found erythroblastic in one casebySpenson (74), and “red” (humerus) 
by Kaznelson (44) One of Witts’ patients died folloiving transfusion 
The amount of hematogenous marrow m the shaft of the femur was 
“unusually great ” (89) There is thus little information from which 
conclusions may be drawn concerning the state of the bone marrow in 
idiopathic hypochromic anemia The sternal marrow is known to be 
the last to become hypoplastic and, therefore, whether or not the find- 
ings repotted at sternal biopsy correctly indicate the general state 
of the bone marrow must be left for future observations to determine 
However tlie finding of polychromatophiha and an increased number 
of reticulocytes m a number of cases, as well as the quick response to 
iron therapy, indicates that in many instances at least, the bone mar- 
row IS very active and only awaits a supply of iron m order to replace 
the ghosts of red cells in the circulation with normal ones 
In a case nhich had been charactenzed by dysphagia, Suzman (78a) 
found, at autopsy, hyperkeratinization of the epithehum with areas 
of desquamation and atrophic degeneration of the underlying muscle 
tissue throughout the tongue, hypopharynx and esophagus The 
intermuscular nerve plexus (Auerbach) revealed no abnormality 
The condition was not considered to be inflammatory Taber 
(25) observed chronic diffuse follicular gaslnhs in one patient who 
died of intercurrent infection Atrophy of the mucosa of the stomach 
and intestines has also been reported (one case) by Spenson (74) 
In the spleen of one of Witts’ patients “uniform hypertrophy of the 
reticulo endothehal system, without increase of fibrous tissue, 
pure hyperplasia of the spleen with no gross alteration in structure,” 
^as observed (89) Extreme anemia of the brain and internal organs, 
fatty degeneration of the liver and kidneys, pulmonary edema, ec- 
chymoses in the small and large bowel, a firm, enlarged spleen, and cir- 
cumscribed round cell infiltration in the liver and kidneys, as well as 
red hone marrow m the humerus, were reported m Kaznelson’s fatal 
case (44) 


DIAGNOSIS 

Typical examples of this disorder are easily recognized once the 
physician is aw are of the existence of such a condition Whether idio- 
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pathic hypochromic anemia deserves recogmtion as a disease entity or 
whether it should be classed as a S 5 mdrome wiU not be discussed at this 
point, but there can be little debate that, for practical purposes, this 
disorder should be considered singly No one will dispute this who 
has encountered patients who have been subjected to fruitless and 
expensive investigations and ineffective methods of treatment, or 
have been labelled “psychoneurotic” and given little further sympathy. 
A number of patients have imdergone needless operations, admittedly 
exploratory or for supposed organic lesions, only to be worse off men- 
tally, physically and financially Treatment is so simple that this dis- 
order should constantly be kept in mind It is “a fnntful cause of 
chronic invalidism in women” (89) 

When such symptoms as long continued weakness and tiredness, 
sore tongue or sore mouth, dysphagia, vague gastro-intestinal com- 
plaints, or moderate menstrual disturbance, are mentioned by a woman 
30 to 50 years of age, and on examination no cause for these complaints 
IS found but pallor, and perhaps papillary atrophy of the tongue, func- 
tional cardiac murmurs, splenomegaly or irregular, lustreless finger- 
nails are discovered, and the blood examination reveals microcytic, 
hypochromic anemia, the probable diagnosis is evident The dis- 
covery of disturbed gastnc secretion affords corroborative evidence 
but, as has already been discussed, exceptional cases without achlor- 
hydria have been observed In less typical cases, and in women past 
the menopause, as weU as in men, the diagnosis is more difficult and 
must be made with more caution It should always be kept in mind 
that a similar blood picture is produced by chronic blood loss, and it is 
a good rule to search for a source of blood loss in aU cases Perhaps 
the greatest danger that vnU probably arise as the result of more 
general recogmtion of idiopathic hypochromic anemia, is that the con- 
clusion “idiopathic” will be too readily reached 
In some patients a source of blood loss may be discovered and it is 
then important to decide whether the loss of blood is alone the cause 
of anemia or whether a more fundamental disturbance is present 
Menorrltagta from no well recognized cause occurs in idiopathic hypo- 
chrormc anemia and frequently disappears on efl&aent treatment (32, 
47a) Even when some possible causes for hemorrhage, such as fibro- 
myomata, are discovered, it does not necessanly follow that this is the 
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essential cause of the anemia for adequate iron therapy may be fol- 
lowed by cessation or decrease of hemorrhage even when the tumor has 
not been removed Every physician has encountered patients who 
have lost a great deal of blood from hemorrhoids and yet develop little 
or no anemia, while other patients become anemic with much less 
provocation The discovery of achlorhydria suggests in such mstances 
that there is a more fundamental cause for anemia than blood loss alone 
In any case it is ivise to treat the anemia before undertaking the re- 
moval of hemorrhoids or benign pelvic abnormalities As Witts (89) 
says, “It IS more common for anemia to be erroneously attributed to 
hemorrhoids tlian for hemorrhoids to be overlooked ” 

No doubt many, if not all, cases diagnosed as “pennctoiis anemia 
diith low color-index” are instances of idiopathic h)ipochromic anemia 
Many symptoms are common to both types of anemia (table 3) but 
the lack of evidence of increased blood destruction both on physical and 
laboratory examination, the absence of objective neurologic signs and 
the imcrocytic, hypochromic nature of the anerma as distinguished 
from the macrocytic anemia so charactenstic of Addison’s anemia, 
should make differentiation simple 
The gaslro-tnlcsltnal complaints encountered m idiopathic hypo- 
chromic anemia may lead to some confusion m diagnosis and m not a 
few instances they have led to the performance of unnecessary opera- 
tions As distinguished from peptic ulcer, pain is unusual and never 
penodic, unlike malignancy, the illness is of longer duration, dyspeptic 
symptoms are not so pronounced, weight loss is relatively slight, and 
the appearance is not so cachectic In idiopathic hypochromic anemia 
the gastro-mtestinal symptoms are frequently ill-defined and question- 
ing may elicit a story of glossitis and paresthesias 
The resemblance of this anemia to Banh’s syndrome is apparent No 
doubt some cases formerly classed under this head were mstances of 
idiopathic hypochroimc aneima The occurrence of hematemeses and 
melena m one of our patients has already been mentioned In two of 
our pahents splenectomy had been advised, but they are now well and 
still possess their spleens When the splenomegaly is relatively slight, 
signs of portal obstruction are absent and the blood plasma is pale, a 
therapeutic test with iron may well be undertaken in all cases in which 
Banti’s disease is suspected 
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Neurasthenia and psychoneurosis are common diagnoses in cases of 
idiopathic hypochromic anemia (89, 55) These patients are often 
nervous and difficult, but in many cases the anerma is an important 
contributmg factor 

Occult tuberculosis, heart disease, infective endocarditis, myxedema, 
rheumatism, pyelitis, aplastic anemia, leukemia and colitis, are some 
of the diagnoses which have been made in these cases These condi- 
tions should be differentiated without difficulty 

TREATMENT 

In contradistmction to pernicious anemia, liver extract and desiccated 
hog’s stomach are valueless in the treatment of idiopathic hypochromic 
anerma Six of our patients received these therapeutic agents (Liver 
Extract, Lilly 343, Ventnculm), m doses totaling 36 to 186 vials over 
periods of 8 to 33 days In the two cases in which treatment was most 
prolonged (32 and 33 days respectively) the erythrocyte count rose but 
the hemoglobin remained unchanged and the red cells became smaller 
in size In another case the mean corpuscular volume decreased while 
the erythrocyte count remained unaffected In the remaining three 
cases no alteration whatever occurred in the blood These findings 
are in conformity with the observations of others (44, 89, 84, 32, 55) 
McCann and Dye (53) tested m one patient a “secondary anerma” 
liver fraction but found this ineffective Vanderhoof (79) alone states 
that liver extract may be of value He employed E 29 (Valentine) -with 
slight success m one case but the results did not in any way compare 
with the influence of large doses of iron Likewise there is no evidence 
that whole liver possesses any value that may be compared with 
that of iron, and fetal calves’ liver has hkevuse had httle influence (1) 

The beneficial influence of large doses of iron m the treatment of idio- 
pathic hypochrormc aneima is now well recogmzed The response to 
the administration of iron is so consistently observed that, if this does 
not become manifest within three weeks after treatment has been in- 
stituted, the diagnosis may well be questioned There is an almost 
immediate improvement m the well-being of the patient, and a gain in 
appetite and in strength which calls to mind the effect of liver therapy 
in permcious aneima The normal color gradually returns, numerous 
vague symptoms as well as more definite complaints disappear and 
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even such s 3 TOptoins as menorrhagia may be completely relieved (32, 
57a) However, it must be stated that symptomatic rehef, while 
definite m all cases, is not always complete What r61e psychoneurotic 

factors play in the continuation of some complaints is difficult to esti- 
mate but there can be no doubt that these play a large part, for the 
temperament of the patients frequently, as the result of long-contin- 
ued ill-health, becomes nervous and difficult 
The essentials in treatment are (1) the administration of adequate 
amounts of iron and (2) conltnuous treatment over a penod of several 
months 

Preporaltons employed A great variety of preparations is employed, 
the one chosen depending partly on the whim of the physiaan and the 
idiosyncrasy of the patient Tablets ol ferrous lactate, 0 5 gram three 
times a day, were used by Lichtenstein (50) and are recommended by 
Meulengracht (55) It is necessary that the tablets crumble easily 
or they may pass through the gastro-intestinal canal intact For the 
same reason Blaud’s pills (ferrous carbonate) must be freshly prepared 
The minimal effective dose of the latter drug is stated to be 3 to 4 
grams daily (93) Reduced tron is classed among the ferrous compounds 
as it IS converted into ferrous chlonde m the stomach The minimum 
effective dose is 2 to 3 grams daily The metal is most conveniently 
administered in capsules contaimng 0 5 to 1 0 gram Perrtc ammonium 
citrate is one of the best of the complex feme compounds This prep- 
aration IS very soluble The minimum effective dose is 4 to 8 grams 
daily It may be given in 10 to 20 per cent solution, or, more simply, 
the patient is asked to dissolve a half-teaspoonful (2 grams) of the scales 
in water or milk and to take this amount three times daily All these 
preparations are taken after meals When liquid preparations are 
used, precautions must be observed not to permit the iron solution to 
come m contact with the teeth The liquid may be sipped through 
a glass tube Witts (89) attempted treatment by the injection of iron 
but found this method valueless The investigations of Heath et al 
(36) demonstrate that the parenteral administration of iron is effec- 
tive if given in adequate dosage but under such conditions it is very 
toxic They conclude that this method of treatment is undesirable 
because of the pain produced, as u ell as for economic reasons 
Like Schulten (69), we have found that m some instances eoen larger 
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doses of tron than are usually recommended, are required Schulten 
found it necessary to give as much as 6 grams, and in one case 9 grams, 
of reduced iron It is of interest m this connection that Witts (89) and 
Mills (57) have reported refractory cases but that we have so far not 
encountered one This difference may perhaps be explained by the 
fact that we have given as much as 12 and even 15 grams of ferric 
ammonium citrate daily 

Untoward symptoms have rarely been observed Many patients, 
chronically constipated, have found relief while taking feme ammo- 
nium citrate Occasionally doses as large as 10 to 12 grams daily have 
been followed by diarrhoea This usually has been of short duration 
Hurst (39) has described one patient who suffered from an acute cere- 
bral attack after she had been under treatment at this dosage for three 
weeks He attributed this to iron poisoning, “iron encephalopathy ” 
One of our patients who received large doses of iron until her blood 
reached values 25 per cent above normal, developed very severe 
headaches at that time These ceased when iron was discontinued 
and the blood returned to normal 

When diarrhoea produced by large doses of feme ammonium citrate 
has become troublesome, we have often effectively overcome this dif- 
ficulty while maintaining adequate iron therapy, by replacing some 
of the feme ammomum citrate with Blaud’s pills 

In our expenence, the latter preparation has been much less effective 
than ferric ammonium citrate This may perhaps be explained by 
the fact thatwe have taken no trouble to order freshly prepared Blaud’s 
pills and have relied on the stock preparations generally available in 
drug stores Nevertheless it is worth noting that the actual iron con- 
tent of Blaud’s pills (10 per cent) is less than that of ferric ammonium 
citrate (17 per cent) and that the number of Blaud’s pills (twelve daily) 
taken by our patients contains only 22 per cent of the amount of iron 
m three level teaspoonsful of the former preparation Probably the 
greater efficacy which has been attributed to ferrous iron salts (64) does 
not make up for this quantitative difference m actual iron content 

Inflvxnce of iron therapy on the blood The earliest evidence of re- 
sponse which may be discovered in the blood is an increase m the per- 
centage of reticulocytes The magnitude of the increase is, roughly, 
inversely proportional to the degree of anerma as measured by the 
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hemoglobin The increase in reticulocytes is maximal usually at the 
fifth to tenth day after the institution of iron therapy It has been 
pointed out that the peak of the reticulocyte curves is often much 
flatter than in pernicious anemia but the period of reticulocyte response 
IS much the same as in the latter disease, namely about twelve days (58) 
The increase m number of red cells, hemoblogin and volume of packed 
red cells may be noted in a few days We can not understand Witts’ 
statement that improvement in the first month of treatment is often 
slight (89) , Dameshek (17) states that remission may be noted in a 
few days, and this has been our expenence In our patients, hemo- 
globin increased at the rate of 0 15 to 0 20 gram per day on the average 
There was some variation in the rate of increase, but this did not seem 
to be correlated with the degree of anenua In some the gam nas 
most rapid in the first two weeks of treatment, in other cases the 
greatest increase took place in the second two weeks 
We have frequently observed an increase in the erythrocyte count 
to SIX million and more under the influence of iron therapy This 
polycythemia is, however, only temporary although it may persist for 
a month or two The red cell count may be above normal even when 
the hemoglobin and the size and hemoglobin content of the red cells 
are still far from normal Even the hemoglobin reaches normal values 
before the mean corpuscular volume and the mean corpuscular hemo- 
globin concentration, as figure 4 illustrates Thus the red cell count 
IS not a safe guide m estimating the need for further treatment and 
even the hemoglobin is not altogether reliable Whenever the cooper- 
ation of the patient has permitted, we have continued intensive treat- 
ment until the mean volume and hemoglobin content of the erythro- 
cytes have reached normal 

In table 2 the pertinent data concerning the influence of iron therapy 
in tw elve of our patients have been assembled It is of interest to note 
the values for mean corpuscular volume and mean corpuscular hemo- 
globin concentration which were found before treatment and the 
changes which followed various penods of treatment From a diag- 
nostic standpoint it is worth noting the values which were found after 
short and incomplete penods of treatment, because it is sometimes 
necessary to make a diagnosis in a patient who has already received 
some iron therapy In such cases the corpuscular hemoglobin con- 
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TABLE 2 

Influence of tron therapy on the blood 
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centration may be nearly normal and there may be little microcytosis, 
but, unless treatment has been entirely adequate, one or both of these 
values, especially the former, will be found to be lower than normal 

Under the influence of adequate iron therapy, polychromatophihc 
erythrocytes may appear, and an ever-increasing number of normal, 
orthochromatic red cells is found Pnce-Jones found these to increase 
from 12 to 92 per cent and finally they completely replaced the pale 
cells so characteristic of this type of anemia The mean diameter 
of the cells in eight cases so studied, increased from 6 48^ to 6 99 ii 
and the distribution curve was shifted to the right (63) 

The rate of hemoglobin increase gradually falls after the initial three 
or four weeks of rapid change It will be noted that the most rapid 
rates of increase recorded m table 2 generally occurred m the cases 
treated for a relatively short, but actually inadequate, penod of time 
When the gam in hemoglobin is calculated on the basis of the penod of 
time needed to bnng the blood entirely to normal the average daily in- 
crement in hemoglobin is reduced from 0 15 to 0 20 gram to 0 05 or 0 07 
gram Thus the average weekly gam estimated on the basis of the en- 
tire period of intensive treatment, is 0 35 to 0 050 gram hemoglobin 

On the basis of the latter value it is possible to make a rough esti- 
mate of the length of time required for intensive treatment in a given 
case Thus m a patient whose hemoglobin is 6 0 grams, intensive 
treatment will probably be necessary for approximately 16 to 23 weeks 
whereas for one whose hemoglobin is 9 0 grams treatment for ten to 
fourteen weeks will be required 

MiUs (56), and subsequently Waugh (84), and Adamson and Smith 
(1), have stated that copper is of value in at least enhancmg the effect of 
iron All these wnters administered iron m the form of Blaud’s pills 
4 to 6 grams daily together with copper carbonate, 0 004 gram {-h 
gram) In several instances this dose of iron was totally ineffective 
until copper was added 

It IS of interest that these are the only observers who have found it 
necessary to supplement iron with copper in the treatment of idiopathic 
hypochromic anemia In our expenence, Blaud’s pills in the dosage 
they employed have not been as effective as feme ammonium citrate m 
doses of 6 to 12 grams daily In fact, one of our patients quickly 
relapsed when Blaud’s pills were substituted for ferae ammonium 
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Citrate We have found no need to supplement ferric ammonium 
citrate with any other drug This may be due to the greater actual 
amount of iron given m this way and the greater ease with which iron 
in this form can be absorbed We have given copper alone, in the form 
of 0 5 per cent solution of copper sulphate 6 to 12 cc daily, to four 
patients but could observe no beneficial effect In view of the neces- 
sity of supplementing Blaud’s pills with copper which Mills reports, 
however, it is of special interest to note that one of our patients who 
showed no response to copper therapy alone, responded at an average 
rate of 0 10 gram hemoglobin per day when 1 gram iron ammonium 
citrate per day was added Since this dose of iron has been found to 
be ineffective alone, it is possible that the copper received by the patient 
facilitated its utilization It has been shown to have such an effect m 
the anemias of infancy (43) and m nutntional anemias in rats (23) We 
propose to investigate this question further 

Little need be said concerning other forms of treatment Witts (89) 
reports that transfusion is of benefit but there seems to be little need, 
except in emergency, for such a measure when the anemia may be 
relieved by oral therapy The effects, moreover, are frequently only 
temporary (84) Administration of hydrochloric acid seems to be of no 
value (89) except in the relief of the gastro-intestinal symptoms which 
may be due to the achlorhydria 

Needless to say, disorders contributing to the ill-health of the patient 
must be treated However, unless the need is urgent, measures which 
tax the strength of the patient should be delayed until improvement in 
the anemia has taken place This particularly applies to operative 
measures for the treatment of such conditions as bleeding hemorrhoids 
and pelvic disease Not only is the operative nsL lessened in this wav, 
but frequently the bleeding may be found to have dimmished or 
abated after treatment of the anemia 

PROGNOSIS AND COURSE 

Idiopathic hypochromic anemia leads to chronic, long-continued lU- 
health but death as a result of the anemia is extremelj unusual Only 
one death which was the consequence of the anemia has been reported 
(44) The anemia m this case was unusually severe, the hemoglobm 
being recorded as IS per cent One of Witts’ patients died lollowmg 
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transfusion (89) and a few more have succumbed to mtercurrent in- 
fections 

Unlike pernicious anemia, temporary remissions are uncommon, the 
anemia gradually progressing or, as far as one can judge by the pa- 
tients’ histones, it may become fixed at a low level beyond which it 
may not progress 

Under the influence of iron therapy, on the other hand, there is rapid 
alleviation of s)miptoms and glossitis, acroparesthesias, koilonychia, 
enlargement of the spleen, menorrhagia, gastro-intestinal and other 
complaints subside completely or partly (44, 84, 17, 20) Witts (89) 
estimated that complete cure followed adequate iron therapy in 80 
per cent of his patients Mills (57) reported two failures and Meulen- 
gracht (55) one, but the latter remarks that in his patients the anemia 
was complicated by p3mria We have up to the present time not en- 
countered a single patient whose blood has failed to respond to treat- 
ment Since we have used exceptionally large doses of a very soluble 
iron preparation, we are inclined to attnbute these results to this cause 

Complete symptomatic relief has not followed in every case, however 
Ready fatigue has persisted in two of our patients m spite of relief of 
the anemia, although of course this symptom is now less marked than 
before treatment was instituted It is not easy to determine with any 
assurance how great a role psychoneurotic factors play in the continu- 
tion of complaints in some patients, but there can be little doubt that 
such factors, engendered by long continued ill-health, must play some 
part 

We are inclined to agree with Meulengracht (55) that “the immedi- 
ate effect appears to be so constant that a retardation or absence of the 
increase m the hemoglobin value and red cell count in response to iron 
treatment calls very strongly for a revision of the diagnosis 

or a search for comphcations ” It might be added that the efficacy 
of the iron preparation used may be questioned under such circum- 
stances, and that another preparation should be tned That infec- 
tions and other complications hinder the action of iron in the same way 
in which they hinder the effect of potent material for pernicious anemia, 
has been demonstrated by Minot and Heath (58) 

The late therapeutic results, however, are m a sense poor With 
discontinuation of iron therapy, relapse is so common that it may be 
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considered a characteristic of this disorder Meulengracht (55) was 
able to re-examme 27 of his patients two to six years after treatment was 
discontinued Although symptomatic relapse did not occur in all the 
cases, most of the patients proved to be more or less anemic on re- 
examination A few of these patients had taken some iron during the 
interval but none had taken large doses persistently Of twelve of 
our own patients regardmg whom information is available, cessation 
of iron therapy was followed by relapse in nine The time elapsing 
before relapse was observed, has vaned from two to nine months but, 
since in most instances blood examinations were not made at very fre- 
quent intervals after the blood had reached normal, it is quite likely 
that m these cases relapse occurred earlier than its time of discovery 
would indicate In only three patients has no relapse occurred after 
intervals of two, six and thirteen months without iron, respectively 

It IS thus important to rc-cxamine patients who have suffered from 
idiopathic hypochromic anemia Several observers have advocated 
the admimstration of a maintenance dose of a relatively small amount 
of iron (89, 17) No observations have been reported on the effects of 
such doses in maintaining at normal the blood of patients who are no 
longer anemic, but there is no reason to expect that small doses of iron 
should be effective in such patients when they are known to be inef- 
fective in the same individuals when anemic It seems more logical 
to do as Meulengracht (55) suggests, namely, to give periodical treat- 
ment ivith large doses of iron Detailed observations regarding main- 
tenance therapy are not available 

DEFINmON OF IDIOPATHIC HYPOCHROMIC ANEMIA 

At this point It may be useful to attempt to summarize the informa- 
tion which has been presented concerning idiopathic hypochromic 
anemia This may be considered to be an anemia of unknown etiology 
occurring especially, but not exclusively, m women in the third to 
fifth decades of life and one which is charactenzed by an insidious 
onset, long duration, symptoms such as are common to all anemias and, 
in addition, glossitis, stomatitis, dysphagia, paresthesias without ob- 
jective neurologic findings, and often splenomegaly and koilonychia 
In the great majority of cases there is evidence of disturbed gastric 
secretion (achlorhydria) The anemia is charactenzed by microcytosis 
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transfusion (89) and a few more have succumbed to mtercurrent in- 
fections 

Unhke pernicious anemia, temporary remissions are uncommon, the 
anemia gradually progressing or, as far as one can judge by the pa- 
tients’ histones, it may become fixed at a low level beyond which it 
may not progress 

Under the influence of iron therapy, on the other hand, there is rapid 
alleviation of s 5 miptoms and glossitis, acroparesthesias, koilonychia, 
enlargement of the spleen, menorrhagia, gastro-mtestinal and other 
complaints subside completely or partly (44, 84, 17, 20) Witts (89) 
estimated that complete cure followed adequate iron therapy in 80 
per cent of his patients Mills (57) reported two failures and Meulen- 
gracht (55) one, but the latter remarks that m his patients the anemia 
was complicated by p 3 aina We have up to the present time not en- 
countered a single patient whose blood has failed to respond to treat- 
ment Since we have used exceptionally large doses of a very soluble 
iron preparation, we are inclined to attnbute these results to this cause 

Complete symptomatic relief has not followed in every case, however 
Ready fatigue has persisted in two of our patients in spite of relief of 
the anemia, although of course this symptom is now less marked than 
before treatment was instituted It is not easy to determine with any 
assurance how great a role psychoneurotic factors play m the contmu- 
tion of complaints in some patients, but there can be little doubt that 
such factors, engendered by long continued ill-health, must play some 
part 

We are inclined to agree with Meulengracht (55) that “the immedi- 
ate effect appears to be so constant that a retardation or absence of the 
increase in the hemoglobin value and red cell count m response to iron 
treatment calls very strongly for a revision of the diagnosis 

or a search for complications ” It might be added that the efficacy 
of the iron preparation used may be questioned under such circum- 
stances, and that another preparation should be tned That infec- 
tions and other complications hinder the action of iron in the same way 
in which they hinder the effect of potent material for permcious anemia, 
has been demonstrated by Minot and Heath (58) 

The late therapeutic results, however, are m a sense poor With 
discontinuation of iron therapy, relapse is so common that it may be 
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considered a charactenstic of this disorder Meulengradit (55) is 
able to re-eiiamine 27 of his patients two to sl\ } cars after treatment w as 
discontinued Although symptomatic relapse did not occur in all Uie 
cases, most of tlie patients proved to be more or less anemic on re- 
examination A few of these patients had taken some iron during the 
interval but none had taken large doses persistently Of twelve of 
our own patients regarding whom information is avmlable, cessation 
of iron therapy was followed by relapse in nine The time elapsing 
before relapse was observed, has vaned from two to nine months but, 
since in most instances blood examinations were not made at very fre- 
quent intervals after the blood had reached normal, it is quite likely 
that m these cases relapse occurred earlier than its time of discover) 
would indicate In only three patients has no relapse occurred after 
intervals of two, six and thirteen montlis without iron, respectively 
It IS thus important to rc-examinc patients who have suffered from 
idiopathic hjpochromic anemia Several observers have advocated 
the administration of a maintenance dose of a relatively small amount 
of iron (89, 17) No observations have been reported on tlic effects of 
such doses in maintaining at normal the blood of patients who are no 
longer anermc, but there is no reason to expect that smalt doses of iron 
should be effective in such patients when they arc known to be inef- 
fective in the same individuals when anemic It seems more logical 
to do as Meulengracht (55) suggests, namely, to give periodical treat- 
ment with large doses of iron Detailed observations regarding main- 
tenance therapy are not available 

DEFINITION OF IDIOPATHIC HYPOCHROMIC ANEMIA 
At this point It may be useful to attempt to summarize the informa- 
tion which has been presented concerning idiopathic hypochromic 
anemia This may be considered to be an anemia of unknown etiology 
occurring especially, but not exclusively, m women in tlie third to 
fifth decades of life and one which is charactenzed by an insidious 
onset, long duration, s)Tnptoms such as are common to all anemias and, 
in addition, glossitis, stomatitis, dysphagia, paresthesias witliout ob 
jective neurologic findings, and often splenomegaly and koilonychia 
fn the great majority of cases there is evidence of disturbed gastric 
secretion (achlorhydria) The anemia is charactenzed by microcytosis 
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and hypochromia, ready response to adequate iron therapy and, very 
frequently, by a tendency to relapse when treatment is discontinued 

TERinNOLOGY 

As many as fifteen names have been applied to the anemia under 
discussion ^ It seems to us that in naming this condition, the funda- 
mental charactenstics which are encountered in all variants of the 
clinical picture should be used These seem to be the hypochromic 
nature of the aneima and the absence of any of the accepted causes for 
this t)q)e of aneima Achlorhydna, as has been pointed out, is not 
found in aU cases and therefore this term should not be used in naming 
this condition Likewise the term “chlorotic” is better avoided for it 
implies a relationship with the disease chlorosis which is not generally 
accepted For these reasons we have used the name idiopathic hypo- 
chromic anemia The relation of chlorosis to the anemia under dis- 
cussion wU be considered later 

PATHOGENESIS 

In any consideration of the pathogenesis of idiopathic hypochromic 
anemia, the relahonshtp of this anemia to pei mctous aneima becomes a 
subject of importance Although as regards sex incidence and ulti- 
mate outcome, these anemias are quite different, and the distinctly 
microcytic, hypochromic, non-hemolytic character of idiopathic hypo- 
chromic aneima with its spectacular response to iron therapy and re- 
sistance to liver therapy distinguishes this disorder as the apparent 
antithesis of pernicious anemia, m numerous other respects these two 
types of anemia are quite similar (table 3) In symptomatology they 
are sometimes indistinguishable Glossitis and paresthesias are 
symptoms m common They have been descnbed as occurring m in- 
dividuals of the same constitutional type, idiopathic hypochromic 
anemia has been found m members of “pernicious anemia families,” and 
a few instances of the transition of one type of anemia to the other, 
have been recorded 

s Simple AcUorhydnc Anemia, Achylic Chloroanemia, Achylic Chlorosis, Chronic 
Chlorosis, Late Chlorosis, Chlorotic Anemia, Pseudo-Pemicious Anemia, Hypochromic 
Anemia with Achlorhydna, Pnmaiy Hypochromic Anemia, Idiopathic Hypochromic 
Anemia, Idiopathic Hypochromemia, Essential Hypochromic Anemia, Chrome Hypo- 
chromic Anemia, Hypochromatic Anemia, Erythro-normoblastic Anemia 
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TABLE 3 

Comportsoii of pcnuaoHS anemia andidtopalhc hypochromic anaria 



rciiNiaous aseuia 

iDiorAxmc nvrocHKoinc aneitia 


Similarity to P A 

Points of difference 

EUologic features 




Age 

Especiallj 45 to 60 
years 


Especially 35 to 50 

Set incidence 

Approximately 

equal 


Females 96pcr cent 

Race incidence 

Rare in full blooded 
negroes 

Uncommon in full 
blooded negroes 


Constitutional t>pc 

Often character 
istic 

Often similar to 
P A type 


Familial incidence 

Common 

Described, even m 
P A families 


Symptomatology 




Ofisel of symptoms 

Insidious 

Insidious 


Duration 

Years 

Years 


Character Symptoms 




of anemia 

Chanclcnstic 

Charactenslic 


Castro mlestwal 

Common 

Common 


Tongue sore or 




atrophic 

Characteristic 

Common, but per 
haps less than in 

P A 


Sore mouth 

Uncommon 


Not unusual 

Dysphagia 

Rare 


Fairly common 

Neurological s>'mp 




toms 

Common and char 
acteristic 

Paraesthcsias in 18 
per cent 


P h. N eurologtcal 




signs 

Characteristic 


Very rare 

Nutrition 

Often good 

Often good 


Color 

Characteristically 
>ellowish pallor 


VTiite or wav> pal- 
lor (but may be 
yellowish) 

Spleen palpable 

30 per cent 

33 per cent 


Eoilonychta 

None 

30 per cent 

Cosine analysts 




Free hydrochloric acid 

Absent in 99 9 per 
cent 

Absent m 84 per 
cent 


Mucus 

Absent 


Greatly increased 
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TABLE 3 — Concluded 



PEHNICTOUS ANEMIA 

IDIOPATHIC HYPOCHROMIC ANEMIA 



Similarity to P A 

Points of difference 

Gaslric analysts — Con’d 




Pepsin 

Absent 

Absent in 25 per 
cent, decreased 
m majonty 


Influence of histamine 

None 

! 

Slight increase m 
volume, HCl and 
pepsm 

Blood findings 

R B C Number of 




R B C 

Characteristically 
under 3 5 mil- 
lion 


Usually 3 5 to 5 0 
million 

Hemoglobm 

Not proportion- 
ately reduced 

i 

Verv markedly re- 
duced 

Size of red cells 

Increased (95 to 
160 c ix) 


Decreased (SO to 80 

C jl) 

Hemoglobm concen- 




tration of red cells 

Normal (33 to 37 
per cent) 


Decreased (22 to 29 
per cent) 

Nucleated red cells 
and polychrom- 




atophilia 

Common m severe 

cases 


Less common 

W B C 

Leucopenia 


Normal or slight 
leucopenia 

Platelets 

May be decreased 


Normal 

Bihrubin in blood 




plasma 

Increased 


Normal or decreased 

Bone marrow 

Megaloblastic 


Normoblastic 

Course 

Remissions and re- 
lapses 


Remissions rare 
without treat- 
ment 

Prognosis 

Fatal without 

treatment 


Only 1 death re- 
ported 

Treatment 




Liver 

Excellent 


No or little value 

Liver extract 

Excellent 


Valueless 

Iron 

No value 


Very effective 

Efiect of stopping 




treatment 

Relapse 

Relapse 
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The familial incidence of idiopathic hypochromic anemia and per- 
nicious anemia has already been discussed The Iransilton from 
microcytic, hypochromic anemia to the macrocytic t)ipe is quite rare 
but several cases of this sort have been described One of the members 
of Gram’s anemic family (fig 2) was found to have typical idiopathic 
hypochromic anemia at the age of 43 years but ten years later classical 
pernicious anemia nas discovered (30) Witts (89) has described a 
patient who developed Addison’s anemia and subacute degeneration 
of the cord after she had had “simple achlorhydric anemia” for six 
years Dameshek (17) cites a similar case In two members of the 
family reported by Heath (35) an initial microcytosis was changed 
under iron medication to macrocytosis Witts (89) has desenbed the 
opposite change in a patient with glossitis, dysphagia and initial megalo- 
cytic anemia who subsequently developed microcytic anemia 
We have observed a patient who for twelve years has suffered from 
a chronic anenua associated with glossitis, aclilorhydna, splenomegaly 
and koilonychia The symptoms appeared during her first pregnancy 
and have been present in varying degrees ever since She came under 
our observation two years ago, in the sixth month of her seventh preg- 
nancy The anemia which was found to be microcytic and hypo- 
chromic in type, failed to respond to intensive treatment with desic- 
cated hogs’ stomach and was equally resistant to iron therapy Fin- 
ally', when the erythrocyte count had fallen to 1 96 million, intensive 
liver therapy was attempted once again To our surprise, the anemia 
now became macrocytic (fig 5), the reticulocytes rose to 17 per cent, 
the anemia rapidly improved and normal spontaneous delivery fol- 
lowed in due course The mean volume of the red cells is now within 
normal limits but moderate anemia which has resisted further liver and 
iron therapy, still persists One attack of glossitis followed by diar- 
rhoea has occurred since the stormy episode during the last pregnancy 
The relationship of these anemias is particularly emphasized by the 
regulanty with which evidence of disturbed gastric secretion is discovered 
in both Moreover, just as in pernicious anemia, achlorhydria is found 
to -precede the development of idiopathic hypochromic anemia Ach- 
lorhydna was demonstrated in 18 of Meulengracht’s cases some time 
before these patients came under his observation (55) In nine of 
these cases the gastnc defect had been found five to twenty years 
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TABLE 3 — Concluded 



PERNiaOUS ANEMIA 

IDIOPATHIC HYPOCHROMIC ANEMIA 



Similanty to P A 

Points ol difference 

Gastric analysis — Con’d 


1 


Pepsin 

Absent 

Absent m 25 per 
cent, decreased 
m majonty 


Influence of histamine 

None 


Sbght m crease in 
volume, HCl and 
pepsm 

Blood findings 

R B C Number of 




R B C 

Characteristically 
under 3 5 mil- 
lion 


Usually 3 5 to 5 0 
milbon 

Hemoglobm 

Not proportion- 
ately reduced 


Vert markedly re- 
duced 

Size of red cells 

Increased (95 to 
160 c n) 


Decreased (50 to SO 
c m) 

Hemoglobm concen- 




tration of red cells 

Normal (33 to 37 
per cent) 


Decreased (22 to 29 
per cent) 

Nucleated red cells 
and polychrom- 




atopbilia 

Common in severe 

cases 


Less common 

W B C 

Leucopema 


Normal or sbght 
leucopema 

Platelets 

May be decreased 


Normal 

Bilirubin m blood 




plasma 

Increased 


Normal or decreased 

Bone marrow 

Megaloblastic 


Normoblastic 

Course 

Remissions and re- 
lapses 


Remissions rare 
without treat- 
ment 

Prognosis 

Fatal without 

treatment 


Only 1 death re- 
ported 

Treatment 




Liver 

Excellent 


No or little value 

Liver extract 

Excellent 


Valueless 

Iron 

No value 


Very effective 

Effect of stoppmg 




treatment 

Relapse 

Relapse 
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The familial incidence of idiopathic hifpochromic anemia and per- 
niaous anemia has already been discussed The transition from 
microcytic, hj'pochromic anemia to the macrocytic type is quite rare 
but several cases of this sort have been described One of the members 
of Gram’s anemic family (fig 2) was found to have typical idiopathic 
h) pochromic aneima at the age of 43 years but ten years later classical 
perniDous anemia was discovered (30) Witts (89) has described a 
patient who developed Addison’s anemia and subacute degeneration 
of the cord after she had had “simple achlorhydnc anemia’’ for six 
vears Dameshek (17) cites a similar case In two members of the 
family reported by Heath (35) an initial microcytosis was changed 
under iron medication to macrocytosis Witts (89) has desenbed the 
opposite change m a patient with glossitis, dysphagia and initial megalo- 
nytic anemia who subsequently developed microcytic anemia 
We have observed a patient who for twelve years has suffered from 
a chronic anemia associated with glossitis, achlorhydria, splenomegaly 
and koilonychia The symptoms appeared during her first pregnancy 
and have been present in varying degrees ever since She came under 
our observation two years ago, in the sixth month of her seventh preg- 
nancy The anemia which was found to be microcytic and hypo- 
chromic m type, failed to respond to intensive treatment with desic- 
cated hogs’ stomach and was equally resistant to iron therapy Fin- 
ally, when the erythrocyte count had fallen to 1 96 million, intensive 
hver therapy was attempted once again lo our surprise, the anemia 
now became macrocytic (fig 5), the reticulocytes rose to 17 per cent, 
fhe anemia rapidly improved and normal spontaneous delivery fol- 
lowed in due course The mean volume of the red cells is now within 
normal limits but moderate anemia which has resisted further hver and 
iron therapy, still persists One attack of glossitis followed by diar- 
rhoea has occurred since the stormy episode dunng the last pregnancy 
The relationship of these anemias is particularly emphasized by the 
regulanty with which evidenceof disturbed gastric secretion is discovered 
m both Moreover, just as in pernicious anemia, achlorhydria is found 
to precede the development of idiopathic hypochromic aneima Ach- 
lorhydria was demonstrated in 18 of Meulengracht’s cases some time 
before these patients came under his observation (55) In mne of 
these cases the gastnc defect had been found five to twenty y^s 
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before, at which time no anemia had been observed It seems also 
that achlorhydria is the one abnormality which persists m spite of suc- 
cessful treatment of the anemia (18) 

That defective gastric secretion, usually of many years duration, is 
the fundamental cause m the development of pernicious anerma is now 
generally accepted even though the etiologic factors m the production 
of this gastnc disturbance are not known It is argued that in idio- 
pathic hypochromic anemia defective gastnc secretion is likewise the 
essential derangement What has been said about its relationship to 
pemiaous anemia, and the available information concerning the inci- 
dence of achlorhydna in idiopathic hypochromic anemia lends support 
to such an hypothesis 

This theory finds further support from another angle An extra- 
ordinary feature of idiopathic hypochromic anemia is the large amount 
of iron needed in treatment In comparison, the amount of iron con- 
tained in the ivhole body, 3 to 3 5 grams, seems infinitesimal Our 
patients received, on an average, a total of 194 grams of metallic iron, 
flhich represents a dose of 1 8 grams daily The daily increment m 
hemoglobin (0 06 gram) was, in comparison very small indeed (3 3 
per cent) That this great discrepancy between amount of iron given 
and quantity of hemoglobin formed, is due largely to defective absorp- 
tion of iron from the gastro-intestmal tract, is suggested by the recent 
observation already quoted, that a dose of metallic iron given paren- 
terally is 30 times as potent as that given orally (36) 

The etiologic r61e of defective gastnc secretion is further suggested 
by the number of instances in which hypochromic anemia has followed 
extensive gastnc operations The development of pernicious anemia 
following gastro enterostomy and total gastrectomy has been reported 
by many observers (19), but it seems that a hypochromic type of 
anemia occurs even more frequently Among 52 patients, re-examined 
several years after gastrectomy (Polya), Gordon-Taylor et al (28), 
discovered anemia in 23 In two patients the color index was above 
1 0, whereas in eleven it w as 0 6 to 0 3 It is of interest that the anemia 
was not associated with any symptoms but was discovered through 
laboratory examination No cause for this anemia was found, but, 
just as in idiopathic hypochromic anemia, there was evidence of dis- 
turbed gastnc secretion Hydrochlonc acid was demonstrated m only 
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Anemia does not, however, always follow gastric operations L; 
(47) found no evidence of anemia in 51 cases of partial gastrector 
It seems likely, as Morley and Roberts suggest (59a) that this differei 
in theeffectsof gastrectomy depends on the amount of stomach remoi 
and the consequent influence on gastric secretion and rate of empty!: 
These investigators found severe anemia three times as common i 
lowing the Polya gastrectomy as compared with the Schoemaker op 
ation 

A total of 22 cases of h5q5ochromic anemia follovwng extensive g 
trie operations (89, 1, 20, 55, 11) and one which followed oxalic ai 
poisoning (89), has been included in the reports on idiopathic hy] 
chromic anemia which are here reviewed We have encountered c 
such case This was a woman whose symptoms (sore tongue, par 
thesias, papillary atrophy of the tongue, palpable spleen and hv 
koilonychia) anemia and response to treatment (see table 2, patie 
AT) recall the typical picture of idiopathic hypochromic anem 
In all these cases achlorhydna was found They differ from id 
pathic hypochromic anemia only in that symptoms developed sevei 
years following artificially produced gastric deficiency 

It IS of special interest to consider the sex distribution of these cas 
of anemia following gastric operations Whereas Gordon-Taylo: 
(28) entire group comprised 38 males and 14 females, severe anem 
was found in 8 females and 7 males, while moderate anemia was d: 
covered in 8 males Severe anemia thus developed in a much high 
proportion of the female patients, although it was by no means 
unusual in male patients as is the idiopathic hypochromic anemia n 
associated with gastnc operations The same appears to be true 
the cases which have been included in reports dealing pnmanly wi' 
this anemia Five of the total of 24 cases occurred in males Indei 
these cases form a large part of the total of 20 instances of this anem 
reported in this sex Why, in men, anemia should more readily folio 
artificially produced gastnc defect than spontaneous achlorhydna, x 
shall not venture to guess 

There are several facts regarding the sex and age incidence of achlo 
hydna which are not consistent with the conception that defectn 
gastric secretion is the fundamental disturbance m idiopathic hypi 
chromic anemia If achlorhydria is a good index of defective gastri 
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secretion, and if the latter is the pnmary cause m the development of 
this anemia, it would be expected that the inadence of achlorhydna, 
like that of idiopathic hypochromic anemia, is predominant m women 
This, how ever, does not seem to be the case The incidence of achlor- 
hjdna in nearly 11,000 adults of all ages (46, 16, 8, 80, 34, 49) is ap- 
proximately 17 0 per cent in females as compared with 12 6 per cent in 
males It is true that some observations indicate that gastric acidity 
IS usually higher in men than in women (80) and other investigations 
suggest that achlorhydna becomes more common in women as age ad- 
vances (34, 40), but these differences do not seem to be sufficient to 
explain the preponderance of idiopathic hypochrormc anemia in women 
An additional discrepancy is encountered when the age incidence of 
this anemia is considered in relation to the age incidence of achlor- 
hydria It IS well knowm that the latter increases in frequency with 
age Yet, this is not true of idiopathic hypochromic anemia, the pre- 
dominating age incidence of xvhicli is 35 to SO years Even when re- 
computed according to the total number of persons of each age group 
living, the optimal penod is about 40 to 50 years (55) It seems, 
therefore, that an added factor must be considered as playing an 
etiologic role in the development of idiopathic hypochromic anemia 
The fact that this anemia develops most often dunng the penod of 
life when mcnstniahon and pregnancy place excessive strain on hemo- 
globin regeneration, affords a very plausible explanation for the devel- 
opment of anemia xvhen it is presumed that, in contrast to the great 
majonty of women in whom the normal performance of the repro- 
ductive functions leads to no ill effects, m these patients there is de- 
fective utilization of hemoglobin-buildmg matenal in the diet and con- 
sequently failure to adequately replace the blood lost It is not at 
all unusual to discover m many cases that the anemia was first noticed 
during pregnancy and that repeated pregnancies aggravated the orig- 
inal disturbance Adamson (1) has emphasized this point and our 
own experience supports it In as many as 17 per cent of our patients 
the onset of symptoms was definitely related to pregnancy As addi- 
tional evidence favoring this opinion may be cited the infrequency with 
which this type of anemia is found to commence after the menopause 
The so called "chlorolic” anemta of pregnancy m which there is 
marked microcytosis and hypochroima of the red cells, as distmguished 
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Anemia does not, however, always follow gastric operations Lake 
(47) found no evidence of anemia in 51 cases of partial gastrectomy 
It seems likely, as Morley and Roberts suggest (59a) that this difference 
in the effects of gastrectomy depends on the amount of stomach removed 
and the consequent influence on gastric secretion and rate of emptying 
These investigators found severe anemia three times as common fol- 
lowing the Polya gastrectomy as compared with the Schoemaker oper- 
ation 

A total of 22 cases of hypochromic anemia follovung extensive gas- 
tnc operations (89, 1, 20, 55, 11) and one which followed oxalic acid 
poisoning (89), has been included in the reports on idiopathic hypo- 
chromic anemia which are here reviewed We have encountered one 
such case This was a woman whose symptoms (sore tongue, pares- 
thesias, papillary atrophy of the tongue, palpable spleen and liver, 
koilonychia) anemia and response to treatment (see table 2, patient 
AT) recall the typical picture of idiopathic h 3 q)ochromic anemia 
In all these cases achlorhydna was found They differ from idio- 
pathic hypochromic anemia only in that symptoms developed several 
years following artificially produced gastric deficiency 

It IS of special interest to consider the sex distnbution of these cases 
of anenua following gastric operations Whereas Gordon-Taylor’s 
(28) entire group comprised 38 males and 14 females, severe anemia 
was found in 8 females and 7 males, while moderate anemia was dis- 
covered in 8 males Severe anemia thus developed in a much higher 
proportion of the female patients, although it was by no means as 
unusual in male patients as is the idiopathic hypochromic anemia not 
associated with gastnc operations The same appears to be true of 
the cases which have been included in reports dealing primanly with 
this anemia Five of the total of 24 cases occurred m males Indeed 
these cases form a large part of the total of 20 instances of this anemia 
reported in this sex Why, in men, anemia should more readily follow 
artificially produced gastnc defect than spontaneous achlorhydna, we 
shall not venture to guess 

There are several facts regarding the sex and age tnctdence of achlor- 
hydna which are not consistent with the conception that defective 
gastric secretion is the fundamental disturbance in idiopathic hypo- 
chroimc aneima If achlorhydria is a good index of defective gastric 
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secretion, and if the latter is the primary cause m the development of 
this anemia, it would be expected that the incidence of achlorhydria, 
like that of idiopathic hypochromic anemia, is predominant in women 
This, how ever, does not seem to be the case The incidence of achlor- 

hydna in nearly 11,000 adults of all ages (46, 16, 8, 80, 34, 49) is ap- 
proximately 17 0 per cent in females as compared with 12 6 per cent in 
males It is true that some observations indicate that gastnc acidity 
IS usually higher in men than in women (80) and other investigations 
suggest that achlorhydria becomes more common in women as age ad- 
vances (34, 40), but these differences do not seem to be sufficient to 
explain the preponderance of idiopathic hypochromic anemia in women 
An additional discrepancy is encountered when the age incidence of 


this anemia is considered in relation to the age incidence of achlor- 
hydria It IS w ell known that the latter increases in frequency with 
age Yet, this is not true of idiopathic hypochromic anemia, the pre- 
dominating age incidence of which is 35 to 50 years Even when re- 
computed according to the total number of persons of each age group 
living, the optimal penod is about 40 to 50 years (55) It seems, 
therefore, that an added factor must be considered as playing an 
etiologic role in the development of idiopathic hypochromic anemia 
The fact that this anemia develops most often dunng the period of 
life when menslrualton and pregnancy place excessive strain on hemo- 
globin regeneration, affords a very plausible explanation for the devel- 
opment of anemia when it is presumed that, in contrast to the great 
majority of women in whom the normal performance of the repro- 
ductive functions leads to no ill effects, in these patients there is de- 
fective utilization of hemoglobin-building matenal m the diet and con- 
sequently failure to adequately replace the blood lost It is not at 
all unusual to discover in many cases that the anerma was first noticed 
dunng pregnancy and that repeated pregnanaes aggravated the orig- 
inal disturbance Adamson (1) has emphasized this point and our 


own experience supports it In as many as 17 per cent of our patients 
he onset of symiptoms was defimtely related to pregnancy As addi- 
tional evidence favonng this opinion may be cited the infrequency with 
which this type of anemia is found to commence after the menopause 
The so called “chlorotic” anemia of pregnancy in which there is 
Marked microcytosis and hypochromia of the red cells, as distinguished 
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from the “phj’-siologic” anemia, m which no significant alterations in 
the size and hemoglobin content of the erythrocytes takes place, is 
probably essentially the same disorder as idiopathic hypochromic 
anemia This seems clear from a study of Strauss’ cases (75a), and a 
number of our own The symptoms are similar to those of idiopathic 
hypochromic anerma and achlorhydna is very common These cases 
differ only in that s 3 Tnptoms first became prominent dunng pregnancy 
The following patient is a good example 

H A (U 21080), a negress 36 years of age, came to the gynecologic dis- 
pensary because she felt “bad when the periods ended ” The S 3 Tnptoms 
consisted of nausea and sometimes vomiting In the past two months they 
had followed the end of menstruation but for a year prior to this they were 
said to precede the onset of menstrual flow In other respects she had no 
complaints Loss of blood during menstruation was normal in amount 
The appetite was moderate and the diet taken was fairly well balanced 
The patient felt reasonably strong She had lost no weight Gynecologic 
exammation was completely negative but marked pallor of the mucous 
membranes was noted and she was therefore referred to us 

The patient had been in this hospital previously in 1928 with the com- 
plaint of shortness of breath of 19 months’ duration Questioning revealed 
the fact that it was dunng her third pregnancy that these symptoms began 
and that she had been m excellent health previously Weakness and short- 
ness of breath had contmued after the delivery of her child When ex- 
amined at this hospital m 1928, she was found to be very pale and hyper- 
trophy of the tonsils, systolic cardiac murmurs, and palpable liver and spleen 
were noted Gastnc analysis showed no free hydrochloric acid after an 
alcohol meal but 10 cc k/ 10 hydrochlonc acid per 100 cc w^as found follow- 
ing the injection of histamine The red cells were recorded as 1 5 mflhon, 
the hemoglobin 17 per cent There were marked microcytosis and hypo- 
chromia On treatment with Blaud’s pills and a Mmot and Murphy diet 
she improved greatly and m 1929 her red cells numbered 5 24 milhon and the 
hemoglobin was 86 per cent 

As long as the patient continued to take Blaud’s piUs she remained well 
She passed through a fourth pregnancy without any apparent difficulty 
In July 1931, the iron was discontmued Shortly after this, sjmptoms of 
weakness gradually returned 

There were no additional noteworthy complamts when the patient was 
seen by us m July, 1932 There was no history of excessive loss of blood 
even at menstruation The tongue had never been sore and there was no 
numbness or tinghng 
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Examination revealed marked pallor The patient was thin and of the 
asthenic habitus The tonsils xvere hypertrophied, the tongue showed no 
papillary atrophy There was some doubt about the palpability of the 
spleen The finger nails showed some flattening and were dull and lustre- 
less The knee jerks were not elicited but othcnvise neurologic examination 
was negative The blood showed 3 17 million red cells, 4 9 grams hemo- 
globin xvhile the mean corpuscular volume was 62 c/i and the mean cor- 
puscular hemoglobin concentration 25 per cent There was marked aniso- 
cytosis with some macrocytes and numerous microcytes Moderate 
poikilocytosis, marked achromia and moderate polychromatophilia were 
also noted Leucocytes numbered 7,150 The differential was normal 
Treatment with ferric ammonium citrate, 12 grams daily, has been fol- 
lowed by rapid alleviation of the anemia (table 2) and complete relief of 
symptoms 

To restate the hypolJicsts concerning the pathogenesis of idiopathic 
hypodiromic anemia, it may be said that in this anemia, as in per- 
nicious anemia, the fundamental disturbance is defective gastnc secre- 
tion As a consequence there is faulty utilization or synthesis from 
the diet of material which is necessary for hemoglobin formation 
This defect m many cases may be only moderate m degree and for a 
time little or no anemia may follow As the defect becomes more 
severe, or as the demands upon the hemoglobin and iron stores of the 
body become cumulatively greater, anemia appears Perhaps most 
important in taxing the capacity of the body to cope witli this defect, 
are the demands of menstruation and repeated pregnanaes ^Vhereas 
the blood lost at the menses and the requirements of the foetus are 
readily met by an individual whose capacity to synthesize hemoglobin 
from the diet is unimpaired, these demands become too great for those 
persons whose gastnc secretion is defective For this reason idio- 
pathic hypochromic anemia is most common dunng the later years of 
the female sexual life, and the lack of such burdens on the hemoglobin 
forming mechanism explains the ranty of tins type of anemia in men 
Such factors as a diet deficient in foods potent for hemoglobin forma- 
tion, or excessive menstrual flow, blood loss from hemorrhoids, or 
dysphagia and consequent lack of food are secondary, alone they do not 
suffice to explain the development of anemia Indeed these symptoms 
may have developed as a consequence of the anemia which they serve 
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that the solubility of iron, and thus presumably its absorption, is 
related to the concentration of hydrochloric acid Furthermore, he 
found that M hen their hydrogen ion concentrations are compared, the 
organic acids dissolve iron more readily than hydrochlonc acid What 
IS of special interest here, is that not only with increasing concentrations 
of hydrochloric acid or of organic acid is more iron dissolved, but at 
equal concentrations of acid, the solubility of iron increases with in- 
creasing amounts of iron, although this greater solubility is not pro- 
portional to the increased amount of iron Thus by giving excessively 
large amounts of iron, the body is enabled to absorb sufficient iron to 
meet its demands in spite of defective gastnc secretion 
These studies suggest that the lack of free hy'drochlonc acid and the 
low total acidity may alone be the fundamental disorder in idiopathic 
hypochromic anemia Yet, one may ask why evidence of hemoglobin 
defiaency is so rare in pernicious anemia Again, it is difficult to cor- 
relate with this conception the failure of administration of hydrochlonc 
acid to influence the anemia, or to explain the cases of hypochromic 
anemia, few though they are, which have developed m spite of normal 
gastnc acidity It is true that these are weak objections It may be 
that much larger amounts of acid than have been employed would 
have to be administered in order to be of any value, it is admittedly 
difficult to subsidize the natural gastric secretion Again, it may be 
that the cases which resemble idiopathic hypochromic anemia in all 
other respects except that free hydroclilonc acid is present in the gas- 
tric secretion, should not properly be classed with this disorder Never- 
theless, the exndence that absence of hydrochlonc acid is the funda- 
mental defect IS as yet too weak to be accepted without reserve 
Little can be said concerning the cause of the disiurhancc in gasinc 
secretion There is evidence to suggest that in some cases achlor- 
hydna is a constitutional and perhaps a familial and hereditary mani- 
festation (52, 10), or, as Gram suggests (30), instead of achlorhydria, 
a readily vulnerable gastric mucosa may be mhented Faber (26) has 
for a long time emphasized the role of gastritis in the production of 
achlorhydria It must be recalled that achlorhydna is found in associ- 
ation with a number of diseases, many of rv hich, it is presumed, lead 
to Its development Meulengracht (55) pointed out that four of his 
patients had previously had exophthalimc goitre and, citing the very 
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further to aggravate Various infections and complicating disorders 
add more weight to an already heavy load 

By supplying large amounts of iron to these patients, the barner 
to the absorption of iron is in some way effectively scaled and a greedy 
bone marrow rapidly replaces the ghosts of red corpuscles in the circu- 
lation with normal, orthochromatic and efficient erythrocytes The 
tissues, supphed with adequate amounts of oxygen, and with their 
iron content renewed, take on normal vigor and function Strength 
returns, appetite improves, and even such symptoms as glossitis, 
dysphagia, paresthesias and menorrhagia, as a consequence disappear 
That the fundamental cause has not been removed by such treatment, 
however, is shown by the readiness with which relapse occurs when iron 
therapy is discontinued 

Our knowledge concerning the absorption from the alimentary tract 
of matenals necessary for blood formation is as yet too meagre to per- 
mit theorization concerning the nature of the gastric defect which results 
in the madequate absorption of food iron It is important to deter- 
mme whether the absence of hydrochlonc acid is alone the fundamental 
defect or if the achlorhydna is the most easily demonstrable abnorm- 
ahty in a gastnc secretion which is actually deficient in a hypotheti- 
cal substance which is concerned with iron absorption The frmtful 
results of the experiments of Castle and his associates in permcious ane- 
mia (14) suggest a method of study m idiopathic h 3 rpochromic anerma 
We fed hamburg steak digested vnth normal gastric juice to five pa- 
tients but, m contradistinction to the results in pernicious anerma, 
there was no response of reticulocytes, red blood cells or hemoglobin 
(7) Furthermore, the administration of small doses of inorganic 
iron in hydrochlonc acid and in a digestion rmxture of normal gastnc 
jmce and hamburg steak, had little effect It is interesting to note 
however, that Dameshek (18) found that organic iron (spinach and egg 
yolk) fed in a mixture with normal gastnc jmce was followed by a 
reticulocyte rise whereas the same dosage of orgamc iron fed alone was 
ineffective Unfortimately this experiment was only attempted in one 
patient 

Mettier and Minot (54) found iron to be more potent for blood for- 
mation when absorbed from an acid than from an alkahne medium 
within the mtestmal tract The mvestigations of Bauer (6) indicate 
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that the solubility of iron, and thus presumably its absorption, is 
related to the concentration of hydrochloric acid Furthermore, he 
found that when their hydrogen ion concentrations are compared, the 
organic acids dissolve iron more readily than hydrochlonc acid TOat 
is of special interest here, is that not only witli increasing concentrations 
of hydrochlonc acid or of orgamc acid is more iron dissoh ed, but at 
equal concentrations of acid, the solubility of iron increases with in- 
creasing amounts of iron, although this greater solubility is not pro- 
portional to the increased amount of iron Thus by giving excessively 
large amounts of iron, the body is enabled to absorb sufEcient iron to 
meet its demands in spite of defective gastric secretion 
These studies suggest that the lack of free hydrochlonc acid and the 


low total acidity may alone be the fundamental disorder in idiopathic 
hypochromic anemia Yet, one may ask why evidence of hemoglobin 
deficiency is so rare m pernicious anemia Again, it is difficult to cor- 
relate ivitli this conception the failure of administration of hydrochlonc 


acid to influence the anemia, or to explain the cases of hypochromic 
anemia, few though they are, which have developed in spite of normal 
gastric acidity It is true that these are i/eak objections It may be 
that much larger amounts of acid than have been cmplojed would 
have to be administered in order to be of any value, it is admittedly 
diflicult to subsidize the natural gastric secretion Again, it may be 
that tlie cases which resemble idiopathic hypochromic anemia in all 
other respects except that free hydroclilonc acid is present in the gas- 
tric secretion, should not properly be classed ivith this disorder Never- 
theless, the evidence that absence of hydrochloric acid is the funda- 
mental defect IS as yet too weak to be accepted without reserve 
Little can be said concerning the cause of the disturbance m gastric 
secretion There is evidence to suggest that in some cases achlor- 
hydna IS a constitutional and perhaps a familial and hereditary mani- 
festation (52, 40) or, as Gram suggests (30), instead of achlorhydna 
a readily vulnerable gastnc mucosa may be inherited Taber (26) has 
for a long time emphaazed the rdle of gastntis m the production of 
achlorhy dna It must be recalled that achlorhydna is found m associ- 
ation wath a number of diseases, many of which, it is presumed, lead 
to Its development Meulengracht (55) pointed out tiat four ;f h.s 
patients had previously had exophthalmic goitre and, citing the ve^ 
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further to aggravate Various infections and complicating disorders 
add more weight to an already heavy load 

By supplying large amounts of iron to these patients, the barner 
to the absorption of iron is in some way effectively scaled and a greedy 
bone marrow rapidly replaces the ghosts of red corpuscles in the circu- 
lation with normal, orthochromatic and efficient erjdhrocytes The 
tissues, supplied with adequate amounts of oxygen, and with their 
iron content renewed, take on normal vigor and function Strength 
returns, appetite improves, and even such symptoms as glossitis, 
dysphagia, paresthesias and menorrhagia, as a consequence disappear 
That the fundamental cause has not been removed by such treatment, 
however, is shown by the readiness with which relapse occurs when iron 
therapy is discontinued 

Our knowledge concerning the absorption from the alimentary tract 
of matenals necessary for blood formation is as yet too meagre to per- 
mit theonzation concerning the nature of the gastrtc defect which results 
in the inadequate absorption of food iron It is important to deter- 
mine whether the absence of hydrochloric acid is alone the fundamental 
defect or if the achlorhydria is the most easily demonstrable abnorm- 
ality in a gastnc secretion which is actually deficient in a hypotheti- 
cal substance which is concerned with iron absorption The fruitful 
results of the experiments of Castle and his associates in permcious ane- 
rma (14) suggest a method of study m idiopathic h 3 q)ochromic anemia 
We fed hamburg steak digested with normal gastric juice to five pa- 
tients but, m contradistinction to the results in pernicious anerma, 
there was no response of reticulocytes, red blood cells or hemoglobin 
(7) Furthermore, the administration of small doses of inorganic 
iron m hydrochlonc acid and in a digestion rmxture of normal gastnc 
juice and hamburg steak, had little effect It is interesting to note 
however, that Dameshek (18) found that organic iron (spinach and egg 
yolk) fed in a mixture with normal gastnc jmce was followed by a 
reticulocyte rise whereas the same dosage of organic iron fed alone was 
ineffective Unfortunately this experiment was only attempted in one 
patient 

Mettier and Minot (54) found iron to be more potent for blood for- 
mation when absorbed from an acid than from an alkaline medium 
within the intestinal tract The investigations of Bauer (6) indicate 
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further to aggravate Various infections and complicating disorders 
add more weight to an already heavy load 

By supplying large amounts of iron to these patients, the barner 
to the absorption of iron is in some way effectively scaled and a greedy 
bone marrow rapidly replaces the ghosts of red corpuscles m the circu- 
lation with normal, orthocliromatic and efficient erythrocytes The 
tissues, supplied with adequate amounts of oxygen, and with their 
iron content renewed, take on normal vigor and function Strength 
returns, appetite improves, and even such symptoms as glossitis, 
dysphagia, paresthesias and menorrhagia, as a consequence disappear 
That the fundamental cause has not been removed by such treatment, 
however, is shown by the readiness with which relapse occurs when iron 
therapy is discontinued 

Our knowledge concerning the absorption from the alimentary tract 
of matenals necessary for blood formation is as yet too meagre to per- 
mit theonzation concerning the natwe of the gastric deject which results 
in the inadequate absorption of food iron It is important to deter- 
mine whether the absence of hydrochloric acid is alone the fundamental 
defect or if the achlorhydna is the most easily demonstrable abnorm- 
ality m a gastnc secretion which is actually deficient m a hypotheti- 
cal substance which is concerned with iron absorption The fruitful 
results of the expenments of Castle and his associates in permcious ane- 
mia (14) suggest a method of study m idiopathic hypochromic anemia 
We fed hamburg steak digested with normal gastric juice to five pa- 
tients but, in contradistinction to the results in pernicious anemia, 
there was no response of reticulocytes, red blood cells or hemoglobin 
(7) Furthermore, the administration of small doses of inorganic 
iron in hydrochloric acid and in a digestion mixture of normal gastnc 
juice and hamburg steak, had little effect It is interesting to note 
however, thatDameshek (18) found that organic iron (spinach and egg 
yolk) fed in a mixture with normal gastnc juice was followed by a 
reticulocyte rise whereas the same dosage of organic iron fed alone was 
ineffective Unfortunately this experiment was only attempted m one 
patient 

Mettier and Minot (54) found iron to be more potent for blood for- 
mation when absorbed from an acid than from an alkaline medium 
within the mtestmal tract The investigations of Bauer (6) indicate 
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Whether this anemia should be accepted as a specific disease befc 
more has been learned concerning its causation, must remain a matter 
opinion It should be pointed out, however, that the recognition 
pernicious anemia did not await the publication of Castle’s illumine 
mg expenments Nor was that of diabetes mellitus or of Addisor 
disease withheld until insulin was discovered or suprarenal cortic 
extract made It is thus a matter of definition whether idiopatl 
hypochromic anemia is considered a syndrome or a specific disea: 
Whether the condition possesses sufficiently well-defined characte 
istics as regards sex and age incidence, symptomatology, laborato 
findings, treatment and course, to merit recognition as a specific di 
ease, must be left for the individual to decide 

In any event it seems important, from the practical standpomt, 
recognize the disorder and to distinguish it from pernicious anemia, ca 
cinoma, Banti’s disease, tuberculosis and the numerous other conditioi 
with which It has been confused, because treatment is so simple ar 
prognosis is so good Too many patients have been subjected to e 
pensive, ultra exhaustive and fruitless investigations or have bee 
called psychoneurotic and given no adequate treatment, for this to 1 
denied 

A number of ivriters have compared idiopathic hypocliromic anem 
to chlorosis and have, suggested that these conditions are one and tl 
same (1, lO) It may be granted that atypical forms of both cond 
tioiis have been encountered which seem indistinguishable Chloros 
was said to occur occasionally m adult life and the green color w£ 
absent in some patients Yet it must be admitted that typical chlore 
SIS ocmrred in adolescent girls, it was often diaractenzed by the gree 
color and it usually disappeared -with the onset of pregnancy Idu 
pathic hypochromic anemia, on the other hand, frequently commence 
W'lth, and is certainly aggravated by repeated pregnancies Agaii 
g ossitis is not mentioned as a symptom of chlorosis (2) Arneth (3 
who reviewed the observations on gastnc secretion m chlorosis an 
added some studies of his oivn, show’ed that hyperaadity and normc 
acidity were much more common than anacidity The changes in th 

ood arc identical in the two conditions, but the same blood pictui 
is a so found in chronic blood loss and in hookworm disease Th 
c anges m tlie blood are the end result and may be produced by 
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Mgh incidence of achlorhydria in exophthalmic goitre (recently con- 
firmed by Lerman and Means (48)) suggested that in these cases the 
achlorhydna was brought about by the thyroid disease A critical 
study of the development of achlorhydna is wanting 

IS IDIOPATHIC HYPOCHROMIC ANEMIA A SPECIFIC DISEASE? 

Many observers have implied and others have defimtely stated that 
this anerma is a specific disease (89, 17, 57, 79, 57a) Not a few, how- 
ever, have hesitated to recognize this disorder as a disease entity and 
these objections have recently found expression m a paper by Bloom- 
field (10) After enumerating twelve characteristics of idiopathic 
hypochromic anemia, he points out that the condition is not confined 
to women, nor to imddle age, aberrations in physical findings are to be 
encountered, gastric anacidity is not constant, and “all sorts of com- 
phcating disorders, infections and disabilities are descnbed m vanous 
cases ” He goes on to point out the similarity of this anemia to 
chlonsis and concludes that neither disorder represents a truly specific 
disease, and that idiopathic hypochroimc anemia is a syndrome result- 
ing from “some special concatenation of circumstances ” 

While the vanations from the typical picture which have been out- 
lined by Bloomfield are essentially correct, it must be admitted that 
these are exceptions and not the rule, and that idiopathic hypochromic 
anemia actually does occur preponderantly in women 30 to 50 years of 
age, that achlorhydna is encountered in by far the great majority and 
that the symptomatology is often quite charactenstic As has al- 
ready been discussed, the “complicating disorders, infections and dis- 
abilities” which may be associated, do not appear to be the pnmary 
disturbance 

If idiopathic hypochromic anemia can be conclusively proved to be 
a disorder which is the result of defective gastric secretion m accord- 
ance with the hypothesis already outlined, then it must be considered 
a specific disease in the same sense as diabetes melhtus receives this 
title At present, however, our understanding of the process of blood 
formation is extremely inadequate There is only presumptive evi- 
dence that idiopathic hypochromic anemia develops because an indi- 
vidual IS unable to meet the demands for hemoglobin or replace the 
normal loss of blood on account of defective utilization of blood bmlding 
materials in the diet 
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Whether this anemia should be accepted as a specific disease before 
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wihnhich It has been confused, because treatment is so simple and 
prognosis is so good Too man) patients have bcca subjected to cx- 
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called ps)choneurotic and given no adequate treatment, for this to be 
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tions have been encountered u Inch seem indistinguishable Chlorosis 
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* -ent in some patients Yet it must be admitted that tv^pical chloro- 
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f'^ohypochromic anemia, on the other hand, frequenth commences 
j >5 certainly aggravated by repeated pregnanaes Agam, 
0 Mils IS not mentioned as a symptom of chlorosis (2) Ameth (3), 
observations on gastne secretion in chlorosis an 
aciAi of fi's own, showed that h>’peraaditj and normal 
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variety of causes Finally, small doses of iron were adequate in the 
treatment of chlorosis, doses which in idiopathic hypochromic anemia 
have been shown to be meflPective 

SUMMARY 

On the basis of 473 cases of a microcytic, hypochromic type of 
anemia usually associated with achlorhydna, which have been de- 
scribed in the literature, as well as 25 cases personally observed, the 
etiologic features, symptomatology, laboratory findings, pathology, 
diagnosis, treatment, course and prognosis, as well as pathogenesis of 
this anemia are discussed It is defined as an anemia of unknown 
etiology occurrmg especially, but not exclusively, m women in the 
third to fifth decades of life and one which is characterized by an insid- 
ious onset, long duration, symptoms such as are common to all ane- 
mias and, in addition, glossitis, stomatitis, dysphagia, paresthesias 
without objective neurologic findings, and often splenomegaly and 
koilonychia In the great majority of cases there is evidence of dis- 
turbed gastnc secretion (achlorhydna) The aneima is characterized 
by nucrocytosis and hypochromia, ready response to adequate iron 
therapy and, very frequently, by a tendency to relapse when treatment 
is discontinued 

The evidence so far available suggests that the fundamental dis- 
turbance may be defective gastnc secretion with faulty utihzation or 
synthesis from the diet of matenal which is necessary for hemoglobin 
formation Anemia possibly develops because the demands for hemo- 
globin are in excess of the capacity of the individual to meet them 
The requirements of menstruation and repeated pregnancies probably 
explain the preponderance of this type of anemia in women Such 
factors as a diet deficient in foods potent for hemoglobin formation, 
excessive menstrual flow, blood loss from hemorrhoids, or dysphagia 
and consequent lack of food, are considered secondary aggravating 
factors and not primary etiologic agents 

The advisability of recognizing this condition as a single entity is 
discussed 
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variety of causes Finally, small doses of iron were adequate in the 
treatment of chlorosis, doses which in idiopathic hypochromic anemia 
have been shown to be ineffective 

SDMilARY 

On the basis of 473 cases of a microcytic, h 3 pochroniic t}pe of 
anemia usually associated with achlorhydria, which have been de- 
scribed m the literature, as well as 25 cases personally observed, the 
etiologic features, symptomatology, laboratory findings, pathology, 
diagnosis, treatment, course and prognosis, as well as pathogenesis of 
this anemia are discussed It is defined as an anemia of unknowm 
etiology occurring especially, but not exclusively, m women in the 
third to fifth decades of life and one which is characterized by an insid- 
ious onset, long duration, symptoms such as are common to all ane- 
mias and, in addition, glossitis, stomatitis, dysphagia, paresthesias 
without objective neurologic findings, and often splenomegaly and 
koilonychia In the great majority of cases there is evidence of dis- 
turbed gastnc secretion (achlorhydria) The anemia is characterized 
by microcytosis and hypochromia, ready response to adequate iron 
therapy and, very frequently, by a tendency to relapse when treatment 
IS discontinued 

The evidence so far available suggests that the fundamental dis- 
turbance may be defective gastnc secretion with faulty utihzation or 
S 3 mthesis from the diet of matenal which is necessary for hemoglobin 
formation Anemia possibly develops because the demands for hemo- 
globin are in excess of the capacity of the individual to meet them 
The requirements of menstruation and repeated pregnancies probably 
explam the preponderance of this type of anemia m women Such 
factors as a diet deficient m foods potent for hemoglobin formation, 
excessive menstrual flow, blood loss from hemorrhoids, or dysphagia 
and consequent lack of food, are considered secondary aggravating 
factors and not primary etiologic agents 

The advisability of recognizing this condition as a single entity is 
discussed 
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Volume VIII of the Aniials of the Ptckelt-Thomson Research 
Laboratories is devdted to the Common Cold Not heretofore 
has any comparable attempt been made to cover the entire 
ground 

The work must be regarded as an encyclopedia of information 
on the subject Here is digested the information from 2000 
research papers, in process of collection for twenty years To 
this is added the authors’ own extensive researches, covering 
fifteen years 

It is a critical review, interpretative and commentative It 
IS most competently done, the authors being David Thomson 
and Robert Thomson of the Pickett-Thomson Research Lab- 
oratory, London 

“Monumental” is a fair characterization The work is pub- 
lished on an 8^ X 11 format, with xxiv + 738 text pages, making 
a volume 2^ inches thick 

There is included an atlas of fifty-one full-page half-tone 
plates, comprising about an even hundred microphotographs 
The plates with accompanying text, are in addition to the 
pagination given above 

An analytical table of contents takes 12 pages There is a 
bibliography occupying forty pages, an author index of 10 pages, 
and a subject index of 28 pages 
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P UBLICATION of this two volume 
work makes available for the first 
time a modern history of urology 
in the United Stales Thirty-two men, 
all active in the practice of urology, have 
contributed to this work under the edi- 
tonal direction of an offiaal committee 
appointed by The American Urological 
Association Many of the contributors 
have been actively associated with the 
earliest developments of urology in the 
United States and with the recognition 
of urology as a medical specialty in this 
country 

No longer is urology merely a part of 
general surgery and medicine It stands 
alone, and the story of its advances 
within the short period of thirty years is 
the interesting material of which this 
work treats No medical library w ill be 
complete without it 
Both volumes are attractively bound 
in dark blue, silk-fimsh cloth, stamped 
in gold There are 758 pages and 72 
illustrations The price is reasonable 
and the supply is limited Order now 
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A LIMITED CONSIDERATION OF CERTAIN ASPECTS OF 
ACUTE INFECTION OF THE RESPIRATORY TRACT* 

A R DOCHEZ 

from /7 b DiPartmfnl of iUdicme, CoUcge ofPhysiaans and Surgoons, Calm, ha Umcersily, 
and the Presbyterian Hospital, New I ork City 

In expressing my appreciation of the honor of being chosen to deliver 
the Thayer Lectures I must at the same time acknowledge a very par- 
ticular and personal debt both to the spint of tins foundation and to 
Dr Thayer who has for so many years been my teacher and friend 
I have chosen for my subject the complicated question of acute in- 
fection of the respiratory tract, not -with the intention of collecting all 
the known facts but rather of suggesting the operation in these affec- 
tions of certain interdependent mechanisms the individual exploration 
of which I consider of great importance 

LECTURE I 

Many years have elapsed since Flugge first drew attention to the 
probable importance in the transmission of infections of the respiratory 
tract of droplets expelled into the air dunng talking, coughing or 
sneezing During these same years infectious diseases of the ahmen- 
tary canal such as dysentery and typhoid fever have so diminished in 
inadence as almost to have become ranties in the general hospitals 
of well organized communities The discovery' that intestinal infec- 
tions are commonly spread through the medium of contaminated water 
and food and the control of the purity of these necessities have brought 
about a great diminution in the incidence of intestinal diseases In 
these conditions it has been possible in a relatively simple manner to 
check the disease in question by breaking the line of communication 
Unfortunately, infection of the respiratory apparatus is spread for the 
most part directly' from individual to individual by the necessary 

'Tuo lectures delivered under the William Sydney Thayer and Susan Reed Thayer 
I-ectureship m Cluneal Medianc oS the Johns Hopkins Umversity, Baltimore, 1,1011110011 
March 22-23, 1932 
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and continuous contacts of human life At present there is not dis- 
cernible any tendency of acute infection of the respiratory tract to 
dimmish in inadence or in the extent of its geographical distribution 
It is obvious that if science could bring this tjqie of infection within the 
sphere of effective pubhc health control great benefit would accrue 
to humanity In attemptmg to solve a problem of so complex a nature 
it is necessary to study carefully, patiently and with a determination not 
checked by years of apparently fruitless effort, the character and suc- 
cession of events which are manifest in outbreaks of the diseases under 
investigation Only by such mtensive study will the points of vul- 
nerability in this most strongly intrenched system of diseases be 
brought into the light of human understanding and perhaps within the 
scope of successful attack by the forces of preventive medicine 

The chief portal of entry of mfectious agents into the human body 
has at aU times been the respiratory tract This is readily under- 
standable if we bear in imnd that this physiological system is continu- 
ously open to all fioatmg matter in the air That it is partially pro- 
tected by sticky mucous membranes lining tortuous passages, by 
aggregations of lymphatic tissue, by the ciliary movements of tracheal 
and bronchial mucosa is true, but one has only to examine the lungs 
and regional l)miph nodes to discover how much foreign matenal 
penetrates the protective barners and reaches the deeper tissues 
Furthermore, parasitic organisms seem to have evolved speaal mech- 
anisms by which they are enabled to penetrate and set up pathologic 
processes at all levels of the respiratory tract from the naso-pharynx 
to the ultimate air cells 

Pathogenic microorganisms gaining entrance to the body by way of 
the respiratory apparatus in general fall into two large groups In the 
first group belong the great number of disease producing agents that 
find only temporary lodgment in the respiratory tract where they may 
induce for a longer or shorter time relatively insignificant manifes- 
tations of inflammation, and thence pass rapidly to more distant 
localities or throughout the body, to produce their characteristic 
lesions in organs remote from the respiratory system T3qDes of such 
diseases are measles, epidemic cerebrospmal meningitis, poliomyelitis, 
and many others In certain other pathologic conditions there may 
be first a conspicuous inflammatory disease of the air passages, to be 
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followed later at varying intervals by specialized types of lesions in 
organs not directly connected with the respiratory tract Important 
examples of diseases of this character are scarlet fever, rheumatic 
disease, and acute hemorrhagic nephritis In the true respiratory 
diseases the inflammatory process is most evident and continuous in 
the respiratory tract itself and consists for the most part in catarrhal 
or suppurative inflammation of the mucous membranes and tissues of 
the upper and deep respiratory tract In these lectures I propose to 
discuss pnnapally certain important examples of this latter type of 
respiratory disease 

The most frequent of all the diseases of the respiratory organs is the 
common cold In fact, this malady is the most widespread and has the 
highest inadence of any infectious disease from which human beings 
suffer For example, epidemiological studies indicate that on the 
average every man, woman, and child in the United States experiences 
about two and a half colds each year Susceptibility appears to be 
practically universal and continuous from infancy to old age The 
symptoms are referable to a catarrhal inflammation of the mucous 
membranes of the naso pharynx, oro pharynx, larynx, trachea and 
paranasal sinuses, and are so well known as not to require description 
The total duration of the disease in its pure form is from three to five 
days and the clinical manifestations are usually mild However, the 
occurrence of the malady in this simple form is comparatively rare and 
there almost always takes place more or less secondary infection with 
microorganisms probably not responsible for the initiation of symp- 
toms These complications, if they may be called such, consist m 
inflammation of the paranasal sinuses which may become suppurative, 
mucopurulent tracheitis and bronchitis and occasionally varjmg de- 
grees of inflammation of the Eustachian tube and middle ear The 
bactena associated with these inflammatorj processes are the common 
potential pathogens, pneumococcus, streptococcus, staphylococcus, 
and H influenzae that are rarely absent during the winter months 
from the upper respiratory tracts, even of healthy individuals Such 
manifestations of cooperative activity on the part of agents causing 
infection of the rcspirator> organs lUustrate the most important and 
significant pathologic effect of the common cold and are clearly appar- 
ent in the sequence of events charactenstic of respiratory infection m 
general 
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Study of the epidemiology of the common cold is particularly in- 
teresting in this regard. Colds are of world-wide distnbution but 
probably are much more frequent m temperate climates where tem- 
perature and weather conditions are extremely variable However, 
outbreaks occur even m the tropics and the extreme north when 
populations in these localities are exposed to infection from casual 
visitors from foreign communities where epidemics of colds are fre- 
quent occurrences Colds m tropical regions may be rather mild in 
character, probably because of the absence in these areas of a wide 
distribution of the common secondary agents which are responsible for 
much of the severer symptomatology observed in temperate climates 

Investigation of the common cold m representative population 
groups shows the high morbidity rate of this infection to be cyhc in 
character The peaks of incidence are three m number and occur in 
the early fall months, September and October, the mid-winter months, 
January and February, and the spnng months, April and May The 
character of the different outbreaks vanes m respect to seventy The 
spring one is mild as a rule, whereas there appears to be a progressive 
increase in senousness particularly of secondary infections of the 
respiratory tract as the winter advances into spnng For example, 
the number of infections suffiaently severe to cause absenteeism from 
work IS much larger dunng the January outbreak of colds than dunng 
tlie October outbreak 

Observations by Klneeland and Dawes (1) may indicate a possible 
ex'planation of this phenomenon These investigators kept the infant 
population of a foundling home under contmuous observation for a num- 
ber of years in order to study the character of the respiratory infection 
in such a group and its relationship to the distribution of the common 
pathogenic organisms of the upper respiratory tract Cultures were 
made at frequent inter\'^als from the noses and throats of these in- 
dividuals and the vanety and relative number of potentially pathogenic 
organisms were recorded In addition changes in sensitivity of the 
skin reaction to the products of representative strains of bacteria were 
investigated throughout the penod of study A record was also kept 
of the number and character of all acute infections of the respiratory 
tract experienced by the group under observation Simple upper 
respiratory infections not accompanied by fever and severe consti- 
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tutional reaction were classified as colds Senous infections requinng 
isolation from the general group and manifesting fever and pronounced 
constitutional reaction nere classified as gnppe or influenza or if there 
was obviously involvement of the parenchyma of the lung, as pneu- 
monia Dunng the period that this commumty was under observa- 
Pon a number of interesting phenomena were observed 
There occurred the usual cyclic outbreaks of acute upper respiratory 
infection previously noted in the population at large In the early 
fall the percentage of individuals giving significantly positive reactions 
in the skin to the various bactenal products used was relatively low , 
approximatelj IS per cent As the winter progressed the positive 
skin reactions became more frequent and the intensity of the reactions 
increased until in the late spnng 85 per cent of the group under ob- 
servation gave positive skin reactions to one or other of the bacterial 
products employed in the test This increased tendency to a positive 
d^m reaction has been interpreted as indicating increasingly frequent 
and widespread infection with the organisms pneumococcus, strep- 
tococcus, and H influenzae whose products were used in making the 
skin tests While we are unable to say that there is not a spontaneous 
tendency to an intensified reactivity of the skin under the conditions 
of the study, we believe that any such tendency is greatly promoted 
hj the actual expenence of infection itself As a rule individuals 
suffering from the greatest number of infections and those harboring 
the pathogenic organisms for the longest period of time were found to 
manifest the most stronglj positive skin reactions 
The incidence, distnbution and type of pathogenic organism found 
by culture vaned from time to time Dunng one year there was for 
a limited penod of time i very high earner rate of H influenzae On 
the other hand, dunng the succeeding year, the earner rate of pneumo- 
coccus rose in one group dunng a short penod of time to the extremely 
high figure of 95 per cent It is of exceedingly great interest that 
throughout the periods when there was a widespread distnbution of 
pathogenic organisms the expected incidence of increased diagnoses of 
common cold did not occur but was replaced by a very conspicuous nse 
in the number of diagnoses of gnppe, influenza and pneumonia On 
the other hand, when the distnbution of pathogenic organisms was 
relatively limited, the number of diagnoses of common cold rose 
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dunng the expected period to a high figure and there were corre- 
spondingly few diagnoses of gnppe, influenza and pneumonia 
Although the interpretation of these observations is not entirely 
clear, it seems not unlikely that as a consequence of the repeated cycles 
of common cold throughout the respiratory year which may be con- 
sidered as runmng from September to June, an increasing opportunity 
is afforded the potential and frequently secondary pathogens of the 
respiratory tract to cause infection As a result of this, distnbution 
is promoted and virulence perhaps enhanced, these features becoming 
increasmgly unportant as the year progresses through the cold winter 
weather to the wanner temperatures of early summer Though these 
may be but a small part of the total influences involved, nevertheless, 
this type of associated activity makes it seem probable that epidemics 
of certain of the severer forms of respiratory infection may result from 
the coincidence of the outbreak of the common cold with a period of 
widespread distribution and increased virulence of the well recognized 
pathogenic organisms of the upper respiratory tract The very illu- 
mmatmg studies and discussions of Theobald Smith on this and kindred 
phenomena lend strong support to this point of view 

Another important disease of the respiratory tract of widespread 
distnbution and of frequent occurrence is epidemic influenza So 
much has been wntten about this disease that it is not possible for me 
to consider thorouglily the numerous studies of it that have been made 
during the past forty years I should like, however, to draw attention 
to certain aspects of this infection that are pertinent to the present 
discussion The disease has certain features that make us believe 
that it may be closely related in its nature to the common cold The 
portal of entry is believed most commonly to be the upper respiratory 
tract and the chief site of the inflammatory reaction seems to be located 
in the organs of respiration The dmical characteristics of the disease 
observed during a typical epidemic outbreak, are, however, varied and 
confusmg There are in general three principal types of the disease 
that commonly manifest themselves dunng epidemic penods First, 
there is a mild catarrhal inflammation of the upper respiratory tract 
and trachea without pronounced constitutional reaction and fever and 
charactenzed by irntation of the nose and throat Complications as 
a rule are not severe and there is no prolonged aftermath of depression 
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and lassitude This type of the disease resembles so closely the 
common cold that it cannot be distinguished from it and nhether 
it IS true influenza or not is of course open to question At all events, 
dunng outbreaks m which typical mstances of influenza are occurnng, 
a large proportion of acute respiratory disease is of the type just 
described In the second type of influenza the conspicuous chnical 
features of the disease are fever of considerable degree and duration, 
profound prostration and intense general malaise There may be a 
complete absence of signs of acute inflammation of the respiratory 
organs Recovery and convalescence are accompanied by prolonged 
depression and instability of the vasomotor apparatus The seventy 
of the constitutional reaction and the lack of local manifestations sug- 
gest the possibility of a general infection There has, however, been 
no conclusive proof as yet that m this form of influenza the etiological 
agent gains access to the circulating blood Many observers consider 
this type to be true influenza in its pure form, and the frequency with 
which senous complications anse in the respiratory tract is responsible 
for Its being grouped among the respiratory diseases 
In the third type all the symptoms of the pure form are intensified 
and there comes about in addition early involvement of the paren- 
chyma of the lung The pulmonary complication, if it may be con- 
sidered such, manifests itself as a very senous hemorrhagic broncho- 
pneumonia with an exceedingly high case fatality rate Many 
bactenological studies of this kind of pneumonia have been made 
These bactenological observations are of great interest in that they 
have demonstrated that the infecting organisms in the lung are not 
specific to the disease but consist of a considerable vanety of micro- 
organisms of different degrees of pathogeniaty These organisms 
are in the order of their importance H mfluenzae, pneumococcus, S 
hemolyticus, S aureus, M catarrhalis and in certain rare instances, 
even such almost unheard of causative agents of pulmonary disease 
as meningococcus To many it seems unlikely that Uiese various 
organisms can be the primary etiological agents of influenza but more 
likel) that they fall in tlie class of secondary invaders that follow in 
the wake of some primary infectious agent 
Some evidence has already been brought of the existence of such a 
primary etiological agent In the pandemic of influenza of 1918 
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Olitsky and Gates (2) isolated a filterable Gram negative anaerobic 
bacdlus from the upper respiratory tract during the early hours of 
typical attacks of influenza This organism they called Bactenum 
pneumosmtes or lung injurer, thus indicating the charactenstic effect 
of influenzal infection In the 1918 epidemic, Yamanouchi, Sakukarm 
and Iwushima and others (3) produced evidence to show that a filter 
passmg organism may be the causative agent of influenza More re- 
cently Long, Bliss and Carpenter (4) have brought the most convmcing 
proof yet obtained that mfluenza is caused by a true filterable virus 
Using filtered nasal washings from typical mstances of influenza the lat- 
ter investigators were able to induce in susceptible apes a disease closely 
resembhng true mfluenza The matenal used was passed through fine 
porcelain candles and proven by the most careful methods to be free 
from visible cultivable bactena As study of this disease progresses 
evidence seems to be accumulatmg that in influenza just as in the 
common cold, the sum of pathologic manifestations represents the 
cooperative activity of a vaned group of microorganisms, perhaps with 
specificity characterizing the primary imtiatmg agents, and hetero- 
geneity the host of secondary orgamsms that participate m the in- 
fection 

Just as individual mstances of influenza manifest considerable vanety 
in the sequence of events that is observed, so epidemics of this disease 
also show great variabihty of character I shall not attempt to de- 
scribe the vanations in detail but shall simply draw your attention to 
certain salient features Perhaps the most charactenstic epidemic 
form in which influenza appears is that of the pandemic of world-wide 
distribution There have been many of these within the period of 
medical recording of disease and one may give a general description 
of such an outbreak in the following history In the beginning of the 
cycle there are numerous small outbreaks of moderate severity recur- 
ring in widely separated localities Within a short penod of time, 
usually less than a year, the disease assumes a much more serious 
character, the proportion of typical attaclcs increases, pulmonary 
involvement becomes more conspicuous and the case fatality rate 
nses The disease then appears to pass rapidly from country to 
country until it may finally enarcle the globe The exact point of 
ongin of the severe disease is generally undeterminable, in fact, there 
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IS some doubt concerning its even having a single point of ongm In 
single countnes, however, there does seem to be a progression of the 
epidemic m point of time from place to place After a variable period 
has elapsed the great nave of incidence begins to subside, only to be 
followed later by secondary waves of smaller proportion and lessened 
seventy The interval between such pandemics is frequently a penod 
of many years 

In contrast to the pandemic form of influenza there exists another 
epidemic type which manifests itself over a limited geographical area, 
perhaps whole countnes or at times in limited sections of a single 
country Individual attacks dunng this type of outbreak are likely 
to be less severe, to exhibit a greater vanety of clinical manifestations, 
and symptoms of imtation of the respiratory tract are more prominent 
There have been in New York City since the great pandemic of in- 
fluenza in 1918 a number of such minor outbreaks all of which have 
occurred at about the same time of year, the early winter months (5) 
Interestingly enough, this penod coincides exactly with the major 
cyclic outbreak of the common cold which is, however, an annual 
occurrence At this time also, there may be a very widespread dis- 
tribution of the pathogenic organisms of the respiratory tract and per- 
haps an enhanced virulence as well At the time of one such out- 
break of so called influenza, we happened to be carrying out a survey 
of the inadence of H influenzae in the throats of normal individuals 
This rose from a low inadence of 40 per cent in the early fall to a high 
of 85 per cent in late December This peak of distnbution of H 
influenzae in the normal population coincided exactly with the out- 
break of epidemic influenza 

It IS of some interest that the type of pneumonia that was observed 
during the pandemic influenza of 1918 was predominantly broncho- 
pneumonic m character In fact, some chnicians thought that dunng 
the penod of the pandemic and for some tune afterward there was a 
marked dunmution of the incidence of typical lobar pneumonia This, 
I think, IS m contrast to what is observed, at least in New York, dunng 
minor outbreaks of influenza for in my cxpenence dunng such penods 
there is always a very marked increase in the number of instances of 
lobar pneumonia 

Whether tlicse two Dpes of epidemics represent true influenza as 
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some epidemiologists think, or whether they are examples from an 
etiological standpoint of qmte different diseases is impossible of de- 
cision, for up to the present tune we have discovered no one charac- 
tenstic by which we may say that a case or an epidemic is positively 
influenza However, I think there emerges quite clearly from these 
observations two possible explanations of the nature of these varying 
forms of epidemic mfluenza One is that there exists a specific virus 
of influenza which is present in all forms of the disease whether in- 
dividual or epideimc and that vanabihty of aspect is due to changes m 
virulence of the virus and variation m the character of the secondary 
orgamsms participatmg m the outbreak The other is that so-called 
epidemics of mfluenza are not umform m nature but that some are due 
to a specific virus and others represent the coincidence of an epidemic 
outbreak of such an infection as the common cold ivith a penod of wide- 
spread distnbution and enhanced virulence of such common pathogenic 
orgamsms as H influenzae, pneumococcus and streptococcus Per- 
sonally, I beheve that in all probability both types of activity are con- 
cerned in the causation of that form of epidemic respiratory infection 
which goes under the name of epidemic mfluenza 

There has recently been studied an animal disease, swme influenza, 
which seems to illustrate m a very significant manner the relationship 
of primary and secondary agents of infection of the respiratory tract 
These important investigations have been earned on by Shope and 
Lewis (6) m the Department of Animal Pathology of the Rockefeller 
Institute for Medical Research Swme mfluenza was first recognized 
as a chmeal entity m 1918 at the tune of the vast pandemic of human 
mfluenza Because of a certain marked resemblance m the s 3 Tnptoms 
of the two diseases investigators thought they might be the same and 
called the animal disease mfluenza 

To quote Shope’s descnption of the disease 

Swme influenza is essentially a disease of autumn and early wmter and 
reaches epizootic proportions each year The onset is sudden and the in- 
cidence m an affected herd is practically 100 per cent Fever, anorexia, 
prostration of an extreme type, cough and a pecuhar type of abdominal 
respuation are salient features of the disease The animals cry out when 
handled, which has been interpreted as evidence of muscular tenderness 
The penod of illness is short, varying from two to eight days, and in uncom- 
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plicated cases the recovery is almost as sudden as the onset The mortality 
IS stated to range from one to four per cent Fatal cases exhibit an ex- 
tremely edematous type of broncho-pneumonia The principal features of 
the pathology of swine influenza are an exudative bronchitis, accompamed 
by marked damage of the bronchial epithelium and its cilia, a peribronchial 
round cell infiltration, and massive pulmonarv atelectasis The latter is 
modified somewhat by a round cell infiltration of the alveolar walls The 
lymph nodes, especially the cervical and mediasbnal ones, are hyperplastic 
and edematous There is usually a mild to moderate acute splenic tumor 
The mucosa of the stomach and colon is congested The pneumonia fol- 
lowing swine influenza is characteristically lobular in type and of the same 
general distribution as the atelectasis The non-pneumonic areas of lung 
are extremely edematous and congested 

Shope has been able to transmit this disease experimentally to 
healthy pigs by intranasal instillation of matenal from spontaneous 
cases Qccumng dunng natural outbreaks of the disease The expen- 
mental disease resembles very closely the epizootic form and can be 
easily communicated in senes either by mtranasal instillation or by 
pen contact The disease induced experimentally by material from 
three different epizootics was in general the same though there was 
some difference in seventy and mortality 

A number of attempts have been made to discover the causative 
microorganism of swine influenza and certain organisms have been 
isolated from the respiratory tracts of animals suffenng from the 
disease The most significant observations of this nature are those of 
Lewis and Shope who obtained regularly from the respiratory tracts 
of swine expenmentally infected a hemophihc baallus This organism 
was also cultivated from spontaneous field cases of the disease but was 
never observed m the respiratory tracts of swine free from influenza 
The cultural and morphological charactenstics of the orgamsm are 
such as to justify its being called H influenzae (vanety suis) It is 
non-pathogemc for certain laboratory animals and slightly pathogemc 
for others, and resembles exactly non indol producing strains of human 
H influenzae Of great interest is the fact that eleven out of thirteen 
attempts to induce symptoms of disease in swine by mtranasal inocul i- 
tions of pure cultures of H influenzae suis were entirely negative 

Owing to the failure of this organism to produce the charactenstic 
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disease, Shope searched for another etiological agent of the nature of the 
filterable viruses In the early expemnents on the pathogenic proper- 
ties of bactena-free filtrates of infectious matenal from experimental 
instances of swine influenza it was possible to induce a defimte but 
mild fllness by the mtranasal inoculation of such filtrates The disease 
thus induced was communicable to healthy animals and was transrmt- 
ted by contact without alteration of its dinical or pathological charac- 
tenstics It differed, however, from typical swine influenza m certain 
respects and appeared to be an incomplete form of the disease The 
constant presence of H influenzae in the typical examples of swine 
influenza suggested that the charactenstics of the natural disease could 
be more exactly duplicated by infecting animals with mixtures con- 
taining both the filtrable agent and H mfluenzae When this was 
tned a disease typical of swine influenza m all clinical and pathological 
aspects and mdistmguishable from that induced by unfiltered infectious 
material resulted in all mstances Control animals receiving H 
influenzae alone developed no illness and those receiving the filterable 
agent alone developed the mild filtrate disease These experiments 
are interpreted as indicating that swine mfluenza is due to a filterable 
agent and H influenzae sms acting together It would seem that the 
virus IS the commumcable and primary agent and that its activities 
create a favorable medium for the entry and development of H 
mfluenzae which aggravates greatly the clinical and pathological mani- 
festations of the disease The resemblance of this disease to certain 
forms of human influenza is obvious and it illustrates in a beautiful 
manner the very dose and in this instance almost essential relation- 
ship which may exist between pnmary and secondary agents of infec- 
tion m disease of the respiratory organs 

Up to the present our discussion has been concerned mamly with 
what appear to be the most important t3rpes of primary infection of 
the respiratory tract, the common cold and mfluenza Associated m 
activit}'- both m the individual and in the community with whatever 
are the etiological agents of these affections, are a considerable number 
of well known pathogemc microorganisms which are responsible for the 
concomitant and secondary pathologic processes The question may 
now be asked what significance have these primary infections of the 
respiratory tract m the sequence of events which leads to the develop- 
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mcnt of those most severe of all respiratory diseases, broncho- and 
lobar pneumonia A final elucidation of this problem must, of course, 
await the completed examination of the character and relationship 
of all the etiological agents concerned so that any consideration at the 
present time must of necessity be hypothetical The secondary nature 
of broncho-pneumonia both in assoaation rvith the speafic fevers and 
acute upper respiratory infection has long been appreciated by clinical 
observers Both in extreme youth and old age the development of 
broncho pneumonia is as a rule preceded by an attack of upper respira- 
tory infection resembling very closely in its clinical manifestations the 
common cold As is well known broncho pneumonia is one of the 
very frequent complications of influenza and the variety of organisms 
concerned in its produchon suggests strongly that it is the result of 
secondary infection unless ve assume a multiple bactenal etiology for 
influenza, a state of affairs that seems extremely unlikely I think it 
is fair to assume that most broncho pneumonia, excepting certain 
speafic forms, is the secondary consequence of acute inflammation of 
the upper respiratory tract Whether the bactenal agent producing 
the pneumonia is identical with that causing the upper respiratory 
infection cannot be answered definitely as yet but it seems most hkely 
that more than one agent is partiapating in some form of cooperative 
activity 

The relationship of an attack of lobar pneumonia to an antecedent 
and predisposing acute upper respiratory infection is not quite so clear 
Lobar pneumonia appears superficially as an independent and pnmarj' 
disease of the lungs An individual in previous good health is sud- 
denly seized n ith a pain m the side, a chill, an attack of vomiting, and 
shortly he expenences a high fever, delirium, extreme prostration and 
IS in danger of losing his life When questioned he may recall no 
prodromal manifestations of any kind However, if careful inquiry is 
made both of the patient and members of his faiml>, xery frequently 
a history of acute upper rcspirator> infection resembling the common 
cold IS obtained In a carefully conducted mxestigation of this kind 
ve have been able to obtain the story of a premomtory upper respira- 
tor} infection in approximately seventy per cent of instances \W,cn 
m history taking attention is directed to this sequence of events the 
frequent occurrence of a symptom complex resembling the ordinary 
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cold becomes a matter of common knowledge Here again, of course, 
the individuality of the agent responsible for the prodromal symptoms 
has not as yet been determined 

In any consideration of the probable importance and significance 
of primary and secondary agents of infection of the respiratory organs, 
one must always bear in mind the following possibihty There is 
great reason for beheving that many examples of respiratory infection 
represent cooperative undertakings on the part of more than one micro- 
organism, a pnmary factor which prepares the way, and a secondary 
agent which takes advantage of the situation to effect its own peculiar 
type of mjury At first the cooperative relationship of the two may 
be essential to the production of typical forms of the disease As 
a rule the more severe mamfestations result from the activity of the 
secondary agent There is some reason for beheving, however, that 
with frequent opportunity to produce disease and rapidity of trans- 
ference from individual to individual, the secondary agent may de- 
velop enhanced infectiousness and therewith an independence of the 
helpful activity of the pnmary factor Thus it may become free to 
initiate disease on its own account 

I shall now deal but a moment with certain diseases m which infec- 
tion of the upper respiratory tract seems to be an important part of the 
pathologic process but in which the mam morbid lesions are in organs 
not directly connected with the respiratory passages There are a 
number of such diseases and two of the most important are rheumatic 
fever (7) and glomerular nephntis In both of these conditions there 
is frequently an acute infection of the tonsils and throat mth S 
hemolyticus This precedes by some days the onset of the typical 
clinical symptoms and hemolytic streptococcus may be not obtainable 
by throat culture at the time of appearance of speafic phenomena 
Both of these diseases are likely to be characterized by frequent and 
severe recrudescences of the essential pathologic process Before 
such reappearance of activity there very frequently exists a respiratory 
infection which must be diagnosed climcally as the common cold 
This is especially true of exacerbations of the rheumatic process A 
recent statistical examination of patients admitted to the Presbyterian 
Hospital m New York for cardiac decompensation in rheumatic heart 
disease revealed that in 50 per cent of instances failure of the heart was 
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preceded by an upper respiratory infection resembbng the common 
cold It IS now of course well known that cardiac insufficiency m 
rheumatic disease is not merely the expression of mechanical disability 
but commonly results from a reactivation of the essential pathologic 
process The most satisfactory explanation of these events, we be- 
lieve, IS that the specific phenomena of these diseases are m the mam 
the result of infection with hemolytic streptococcus Many sufferers, 
particularly from rheumatic disease, are chronic carriers of S hemo- 
lyticus, and with the acquisition of an acute upper respiratory mfec- 
tion of the type of the common cold the etiological agent of the latter 
disease may stimulate the streptococcus in question into renewed 
activity by creating arcumstances that are favorable to its develop- 
ment A recrudescence of infection therefore occurs, toxic products 
are formed which pass mto the blood stream and are widely distnbuted 
If the hypothesis concerning the possible speafic relationship of S 
hemolyticus to certain types of rheumatic disease and nephntis be 
correct, and this behef is not new m the minds of investigators of these 
diseases, an explanation is offered of the frequent association of attacks 
of common cold with exacerbations of diseases of the heart and kidneys 
You will recognize, of course, that much of the argument which I 
have presented rests upon hypothetical considerations and has for its 
purpose the presentation of the problem of respiratory infection and 
assoaated pathological conditions in such a manner as to indicate a 
possible pattern in which the relationships of cause and effect can be 
detected Were the essential facts known such an effort would be 
superfluous Many reliable observations have, however, been made, 
and their further exploitation particularly in reference to some reason- 
able conception of the problem of respiratory infection as a whole 
should make it possible to eluadate the complex interrelationships 
between microbic agents and pathological processes which are so 
conspicuous a feature of infectious disease of the respiratory organs 
Perhaps a valuable generalization from the standpoint of the in- 
fecting microorganism would be, in the beginning, a separation of the 
causative agents into those of a primary and those of a secondary 
order That eacli of these agents is capable of inducing primary 
disease of the respiratory tract unassisted by the other seems not 
unprobable As a rule, however, it would seem more commonly to 
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be the case that these microorganisms are mutually dependent upon 
cooperative effort in order to evolve the complex picture of respiratory 
infection Personally, I prefer to group them as pnmary agents, 
such as the etiological agents of the common cold and influenza and 
perhaps others, which imtiate the pathologic process, and secondary 
invaders of the nature of the common pathogens of the respiratory 
tract that intensify and extend the harmful activity For a thorough 
understanding of the problem of acute respiratory disease the relation- 
ship both in time and character of activity of all the agents concerned 
is essential but at present it would seem to be most important to con- 
centrate our efforts on an attempt to brmg to light new knowledge 
concerning the nature and mode of action of the primary agents 
Tomorrow I shall descnbe for you certain expenments designed to 
assemble knowledge about what I beheve to be one of these primary 
factors, the causative agent of the common cold 

LECTURE rt THE ETIOLOGY OF TRE COMMON COLD 

The effort to understand and interpret the natural history of any 
infectious disease confronts the investigator %vith problems of extra- 
ordinary complexity. The contemporary picture of such a disease 
is the consequence of a long senes of episodes, and results from adapta- 
tion to environment of a number of mterreacting agents each of 
which possesses to a high degree the capacity of intnnsic variation 
The epidemiology of an infectious disease concerns itself with the 
expression of the activity of such a disease within the community as a 
whole and is resolvable into the activities of the parasitic agent and 
the response of the species involved Etiology is more specifically 
concerned with the nature of the infecting microorganisms, and the 
pathology of the individual disease takes account of the variable 
responses of the animal host to the infection The relationship of 
such a comphcated senes of reactions is obviously impossible of resolu- 
tion even in a limited outbreak of the simplest form of infection, and 
interpretation from an histoncal standpoint opposes to the imagination 
a barrier that is insurmountable It is wise, therefore, in considering 
an undertaking to comprehend the nature of an infectious disease, to 
approach the problem in a simple manner The most direct question 
that presents itself appears to be the identity of the causative or 
etiological agent 
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The question of the etiology of the common cold has now been recog- 
nized for many years as one of great importance and numerous efforts 
have been directed towards its solution That the disease is infec- 
tious m nature was suggested as early as 1873 by Huter shortly after 
the pathogenic significance of microorganisms was first recognized 
That a number of inflammatory reactions in the upper respiratory 
tract are due to agents other than bacteria is in all probability true 
For instance, there exists a group of cold-hke disturbances that are of 
allergic origin and are caused by a variety of substances acting upon 
mdividuals who are specifically hypersensitive to these agents 
Furthermore, certain vasomotor reactions may simulate the common 
cold These types of disturbance may induce a certain amount of bac- 
terial activity and may even closely resemble infections Apart 
from such conditions, however, there east forms of upper respiratory 
disease, of which the common cold is the most frequent example, that 
in the opinion of most investigators are clearly infectious in ongin 
They possess a definite epidemiology with clearly defined penods of 
increased seasonal incidence During such outbreaks a large propor- 
tion of individuals in the community are attacked and in limited 
groups such as schools and particularly the family, there appears to 
be a clear-cut transmission of the infectious agent from one individual 
to another In isolated communities a single infected individual 
coming in from the outside possesses the capacity of initiating an 
epidemic which sweeps with great rapidity throughout the entire 
population Individual attacks in any outbreak tend to be smiilar in 
character and the clinical manifestations of the disease are strongly 
suggestive of its infectious nature Whether there is a single agent 
which IS responsible for all instances of the common cold or whether 
a vanety of causative factors exist is not entirely clear at the present 
time 

The problem of the investigation of the etiology of upper respiratory 
infection has from the early days been complicated by the recognition 
of the fact that normal individuals harbor m their respiratory tracts 
for longer or shorter penods of tune potentially pathogenic organisms 
Important organisms belonging to this group are pneumococci, 
streptococci, staphylococci, H influenzae, certain Gram negative 
cocci, anaerobic bacilli and perhaps others of a pathogenic nature 
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served Dunng the early stages there tended to be a quantitative 
diminution m the organisms obtained from the nasal secretions In 
the later stages such potentially pathogenic organisms as H influenzae 
and Streptococcus hemolyticus were present m the nose These 
organisms were practically never cultivated from the nose during 
health In the throat dunng colds, there was m general a shift in 
predominance from Gram negative cocci to the Gram positive non- 
hemolytic streptococci Vanous potentially pathogemc bactena such 
as H influenzae, Staphylococcus aureus, and hemolytic streptococcus 
assumed increased prominence dunng the penod of the cold These 
organisms were, however, frequently present in the throat secretions 
dunng the normal period, and the increased activity dunng colds 
usually occurred late m the disease and appeared as a secondary mani- 
festation of the infection No organisms were found regularly m the 
cultures taken dunng the first days of the cold to which we felt a 
causative role could be assigned As a workmg hypothesis, there- 
fore, we drew the conclusion that the symptoms of the common cold 
are not initiated by any of the common pathogens of the respiratory 
tract but that when these organisms appear dunng the disease they 
function as secondary agents m an inflammatory process causatively 
induced by some pnmary agent of unknown nature 

Shortly after the great pandemic of influenza of 1918-19 Ohtsky 
and Gates (10) and Ohtsky and McCartney (11) descnbed a pre- 
viously unrecognized group of bactena whose pnncipal habitat is 
the upper respiratory tract These orgamsms are small Gram- 
negative anaerobic baciUi which m the form m which they exist in the 
nasopharyngeal secretions have the capaaty to pass readily through 
IBerkfeld V and N filters The most important member of this 
group the investigators named Bacterium pneumosintes, and because 
of its exclusive assoaation with the early stages of epidemic influenza 
thought that it might be the etiological agent of this disease Later 
the above authors described similar organisms isolated both from 
normal individuals and those suffenng from common colds The 
organisms were roughly grouped into different types on a basis of 
morphology, cultural characteristics, and serological reactions, and 
although their association with colds was interesting, no definite 
etiological role was assigned to them 
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In view of tlic assoaation of such organisms with the common cold, 
we decided to submit them to a careful biological investigation in 
the hope of throwing light upon their relationship to colds As I have 
pointed out previously, familiarity with the bactenal flora of the upper 
respiratory ract in health is a prerequisite to correct interpretation of 
findings m the course of infection Accordingly, a group of healthy 
normals was followed for a period of several months to determine the 
presence of these filter passing anaerobes and during the same penod 
search for the organisms was carried out in these subjects when they 
acquired colds In addition, numerous other individuals suffenng 
from tjqiical colds were also studied In addition, cultural and sero- 
logical tests were made m order to discover if any particular type was 
more commonly found m individuals with colds than in healthy 
persons 

The conclusions that we have arrived at from this study are that the 
organisms can be grouped, m general, morphologically and culturally 
according to the classification of Olitsky and Gates and Ohtsky and 
McCartney There is a considerable range of vanation within the 
individual groups and the organisms as a whole mamfest a marked 
degree of heterogeneity They are nearly alw ays present m the upper 
respiratory tract of healthy individuals but dunng attacks of common 
cold there appeared a staking decrease in incidence Vanation in 
morphological and cultural characteristics is the rule and httle if 
any serological inter-relationship is evident The organisms seem 
to be part of the harmless normal flora of the upper respiratory tract 
and their percentage of inadence (75 per cent) would probably rise 
higher if cultural methods were further improved No speafic asso- 
ciation of any one group with the common cold was noted and the 
observed reduction in inadence in colds makes improbable the assump- 
tion that they hav e a causal relationship to these infections 
That the etiological agent of the common cold might be an ultra 
microscopic virus received impressive support from the expenments 
of Kruse (12) in 1914 This investigator was able to produce in 
human volunteers typical examples of colds by intranasal inoculation 
of fresh nasal secretions rendered bactena-free by passage through a 
Berkfeld filter Kruse was apparently satisfied that the infectious 
agent of colds was a filterable virus and gave the organism a name 



266 


A. R DOCHEZ 


Following the studies of Kruse a number of other observers reported 
results of a smnlar character and Olitsky and McCartney (13) were 
even able to pass the agent, by means of filtered nasopharyngeal 
washings, from mdividual to individual m series producing in each 
instance infection t 3 ^ical of the common cold Other experiments 
were performed dunng this time m which the number of positive 
results obtained from the inoculation of human volunteers with fil- 
trates from human colds were so few that m the opinion of the investi- 
gators the positive instances of infection might well be attributed to 
influences other than inoculated material such as accidental contact 
infection These findings raised some doubt concerning the validity 
of Kruse’s h 3 ^othesis 

We therefore determined to perform a s imil ar senes of eiqperiments 
and moreover to carry them out in such a way that the influence of 
external and accidental factors in the production of infection might be 
minimized to the greatest possible degree We hoped, that should this 
undertaking develop results confirmatory of Kruse’s view, a final 
conviction would be reached concemmg the nature of the causative 
agent of the common cold 

In the experimental study of human disease progress of the investi- 
gation IS usually greatly facilitated when it is possible to transmit the 
infection to animals in reasonably typical form Susceptibility of suit- 
able animals to certain varieties of human disease, unfortunately, is 
not common In searching about for an animal subject for expen- 
mentation with the common cold a number of species were considered 
Many animals are subject to respiratory infections that somewhat 
resemble colds but previous investigation of these animal diseases had 
mdicated that they are m all probabihty due to microbic agents 
peculiar to the species in question 

There was no suf&cient reason for believing that the human infec- 
tion would be communicable to these animals In pursuing the ques- 
tion further it was learned from Dr Francis G Blake, and later con- 
firmed by interrogation of curators of zoological gardens, commercial 
animal dealers and others, that anthropoid apes experience respiratory 
infections very similar to the common cold in man Furthermore 
it was very soon discovered that all workers with the higher apes were 
unanimously of the opmion that these animals readily catch colds 
from human bemgs similarly afflicted 
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Having satisfied ourselves of the suitability of anthropoid apes for 
our purposes^ we acquired a small colony of chimpanzees numbering 
from si\ to ten anunals The apes ranged m age from two to four 
years and at the time of purchase had been in this country for from 
three months to over a year and as a consequence had e'qienenced a 
variety of human contacts The cage rooms were maintained at con- 
stant temperature of 80°F and the anunals were protected as carefully 
as possible against acadental infection from the outside 
Very early m our study, we confinned the truth of the reports 
regarding the susceptibility of anthropoids to human upper respira- 
tory infection While our animal quarters nere in course of construc- 
tion the first two chimpanzees acquired by us, while boarding at a 
dealer’s, both acquired colds from an infected keeper One of these 
anunals developed bronchopneumonia from which he died and a num- 
ber of organisms of human type, such as S hemolyticus, H influenzae 
and a Gram-negative anaerobic filter passer were recovered by culture 
from the lungs at autopsy Since that tune we have had abundant 
opportunity to observe the readiness with which these animals acquire 
contact colds from human beings Such contact infection has been 
communicated to animals in the stock room in spite of the weanng of 
masks by keepers handling them, and such infection passes rapidly 
from animal to animal, usually mvolvmg the entire group During 
the past two years the ngor of our quarantine precautions has been 
relaxed somewhat and the chimpanzees have suffered from frequent 
spontaneous colds As I have mentioned before, there are during the 
year three major outbreaks of common cold among the population at 
large and it has been a matter of great interest to us that during the 
period of incidence of such outbreaks our stock of chimpanzees has m 
each instance suffered from an epidemic of colds usually involving 
100 per cent of the animals under observation 
In a chimpanzee the clinical picture of the common cold is much 
like that observed m a human child The following description is 
typical of a moderately severe attack At first there is a moderate 
amount of thin mucus m the nostnls By the end of the first day the 
animal appears sick and lassitude may be fairly striking The eyes are 
puffy and drooping, there is moderate to profuse nasal discharge of 
thick mucus which runs down over the upper hp, there is definite nasal 
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obstruction which makes it diflicult for the animal to take liquid food 
and the breathmg becomes audible There is occasional sneezing and 
cough The appetite is usually moderately impaired and rarely there 
has been diarrhoea Usually there is no elevation of temperature 
By the second day the nasal discharge becomes mucopurulent The 
throat has at times appeared inflamed By the fourth or fifth day 
the animal is usually much better and the discharge and nasal obstruc- 
tion become much less Recovery is frequently complete within a 
week or ten days Occasionally there is a persistence of cough for 
several days resemblrng the bronchitis so frequently observed as a 
complication of human colds Not uncommonly there is a continu- 
ance of purulent nasal discharge for days or weeks suggesting a para- 
nasal sinusitis This has been particularly true of one of the animals 
which has a large polypoid growth in the posterior nasopharynx 
Our observations concerning the susceptibility and immunity of 
chimpanzees to cold have been of some interest Up to the present 
time all apes coming into our possession have been highly susceptible 
to the type of upper respiratory infection resembling the common cold 
The number of colds experienced year m and year out by each animal 
IS roughly the same There appears to be little if any real immunity 
and the interval between successive infections ranges from one to three 
months The longest period of freedom from infection is the summer 
months between May and September With one exception, when the 
animals had a respiratory infection clinically resembling influenza, the 
colds expenenced at different times of the year appear to be similar 
Soon after acquiring the colony of clumpanzees a study was com- 
menced to determine the bactenal flora of their noses and throats 
Swab cultures were made upon fresh rabbit’s blood agar plates and the 
types of organisms present were noted 
The bactena of the throat are surpnsingly similar in man and ape 
The usual basic organisms, non-hemolytic streptococci and Gram- 
negative cocci, are identical m incidence H mfluenzae and hemolytic 
streptococci are more frequently present in the ape than in man 
B coh appears in the ape as a result of the unhygienic habits of the 
animal Other differences are only of shght degree 
In the nasal cultures, staphylococci which are usually the pre- 
dominating organism in man, are the same m incidence in the chim- 
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panzee Diphtheroid baalh very charactenstic of the human nasal 
flora are rather lower m percentage inadence m the ape Strepto- 
bacilli seem to be peculiar to the animal and with the inadentally 
present B coli constitute the only qualitative bactenal difference 
The higher percentage in the noses of apes of certain organisms such 
as Gram-negative coca, non-hemolytic streptococci, H influenzae, 
etc , which are usually regularly present in the throats of both man and 
ape are probably due to anatomical differences Gram-negative filter 
passing anaerobes have also been cultivated from the nasal washings 
of normal apes but careful study of the inadence and character of 
these organisms has not been attempted because of the difficulty of 
secimng washings 

These studies indicate that there is a very close resemblance bio- 
logically between the respiratory tracts of chimpanzees and man 
and that these apes would probably be a very suitable animal for the 
purpose of transmitting human colds experimentally by means of 
filtered naso-pharyngeal washings These animals were therefore 
chosen for inoculation with infectious matenal from human beings 
suffenng from the common cold tVhenever expenmental proce- 
dures were in progress the chimpanzees were kept in specially organ- 
ized rooms under rigid quarantine A forepenod of from five days to 
two weeks was provided in order to test the efficiency of the isolation 
and to guard against the existence of possible latent respiratory in- 
fection At the conclusion of this penod of preliminary observation, 
individuals suffenng from suitable t3q)es of colds were sought out 
The type of cold selected was one of not more than twenty-four hours’ 
duration A special effort was made to exclude upper respiratory 
infections that did not conform stnctly to the classical clinical types, 
such, for example as the so called gnppy vaneties in which fever or 
marked constitutional symptoms were manifest Nasopharyngeal 
w askings were obtained by running w armed buffered broth through the 
nostnls and out the mouth and then by garghng with a small amount 
of additional broth The matenal was quickly passed through Berke- 
feld or Seitz filters and the filtered matenal was further controlled for 
the presence of the virus of herpes labiahs by the intracisternal inocu- 
lation of rabbits As soon as possible after filtration, usually less than 
one hour, the expenmental animals were inoculated intranasally with 
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the filtrate and then carefully observed for the development of symp- 
toms The very first anunals so inoculated developed mfection of the 
respiratory tract resembling the common cold There was usually an 
incubation period of from twenty-four to forty-eight hours after which 
tune the characteristic symptoms began to manifest themselves 
These were always clearly objective in character and consisted of the 
appearance of mcreased mucus m the nose followed by profuse mucus 
or mucopurulent discharge, nasal obstruction and frequently sneezing 
or coughing Many tunes there was loss of appetite and occasionally 
diarrhoea The throat at tunes became inflamed but there was 
practically never a rise m temperature sufficient to be called a fever 
The signs of mfection commonly lasted about a week but when second- 
ary involvement of the paranasal sinuses or trachea and larger bronchi 
occurred cough and nasal discharge contmued for a much longer period 
In other words, these experimental infections resembled m every detail 
the spontaneous colds observed in apes and bore a striking similarity 
to the same disease in man 

These experimental colds could be passed from ape to ape by intra- 
nasal inoculation of filtered matenal from the infected animal The 
contagiousness of the experimental cold was proven by placing a con- 
tact healthy chimpanzee in the same cage with the experimentally 
infected animal under which conditions symptoms usually appeared 
m the healthy ape within forty-eight hours of the establishment of 
contact The early filtrates of nasopharyngeal washings from human 
beings contained m a large proportion of instances Gram-negative 
filter passing anaerobes of the type descnbed by Ohtsky and Gates 
Later by the use of the Seitz filter it was found possible to nd the 
filtrates of these organisms During the course of these experiments 
m all forty-four experimental inoculations of filtered infected human 
matenal into chimpanzees were made and of these twelve gave rise to 
expenmental colds of typical character 

While each animal was under observation during the course of an 
experiment, daily records were made of the character of the bactenal 
flora of the nose and throat Such observations were made frequently 
dunng the intervals so that we were at all tunes thoroughly famihar 
with the types of organisms present Perhaps one of the most sig- 
nificant occurrences in expenmental mfection of the ape has been the 
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apparent increase of activity on the part of the potential pathogens 
habitually present m the throat flora of the apes Coincident with 
the appearance of symptoms, pneumococcus, S hemolyticus and H 
influenzae have developed in greatly increased numbers and have 
spread over a nide area of the nasopharyngeal mucous membranes 
These organisms become during this tune conspicuous even in the nose 
where they are seldom present under normal conditions We have 
also observed that dunng the penod of acute infection animals who 
carry hemolytic streptococcus may communicate this organism to 
contact animals Such transference does not readily take place from 
earner to contact in the absence of acute respiratory infection in the 
earner animal 

In order to control as far as possible the experimental inoculation 
of apes with human colds, these same animals were given filtered 
nasopharyngeal washings from healthy indmduals In order to 
reduce the hkehhood of including earners of the active agent as sources 
of normal washings, the summer months were selected for this expen- 
ment, and the matenal was obtained from individuals who had no 
history of a cold for at least three to four months Following inocula- 
tion of filtered washings from these subjects no change in the health 
of the animals was observed No mucous discharge from the nose 
developed and no perceptible alteration of the nasopharyngeal bac- 
tenal flora occurred In short, no agent either bacterial or of other 
nature seemed to be present in normal human secretions whidi could 
induce in apes the symptoms of a common cold 
As a consequence of the foregoing observations, and the harmless 
character of the experimental cold in the chimpanzee we considered it 
advisable to attempt the experimental transmission of the common 
cold from man to man For this purpose human volunteers, prefer- 
ably young adults, w ere secured In order to meet the usual cntiasm 

directed against human transmission experiments that the subjects 
were continuously exposed to accidental contact infection, the volun- 
teers were placed under a rigorous isolation of the type developed for 
apes, and under the control of a nurse experienced in the apphcation 
of surgical aseptic technic On entenng quarantine the subjects were 
given a thorough physical examination and all mdividuals considered 
likely to suffer from complications of any sort were excluded from the 
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test. A study of the candidates’ throat bactena was also made and 
only those accepted for the experiment whose respiratory tract was 
free from orgamsms that might be considered potentially capable of 
producing unpleasant comphcations The technic of preparation of 
the filtrates of nasophaiyngeal washings from human beings with colds, 
and of inoculation of this material intranasally into volunteers was 
similar to that employed in chimpanzees In the early expenments 
the filtrates contamed Gram-negative filter passing anaerobes but it 
was found possible later to remove these by use of the Seitz filter 
The results obtamed in this study were m every way comparable to 
those observed in apes Of twenty-one such human transmission 
expenments performed, nine have given nse to typical cold-like infec- 
tions in the moculated subject These experimental colds have been 
readily passed from human being to human being m senes Objective 
signs of upper respiratory infection were considered indispensable for 
the interpretation of a result as positive These consisted in affection 
of the mucous membranes of the eyes, profuse nasal discharge, in- 
flammation of the naso-pharynx and cough 
The incubation penod of the experimental cold in man is twenty- 
four hours or less, somewhat shorter than in the chimpanzee The 
common symptoms are stuffiness of the nose, sneezing, sore throat, 
and headache No fever has been observed dunng the course of the 
attacks The duration of the experimental cold was approximately a 
week Occasionally comphcations developed such as paranasal sinu- 
sitis and mucopurulent tracheitis and bronchitis, which greatly pro- 
longed the manifestations A few of the subjects expenenced an 
increase m symptoms on bemg released from quarantine This in aU 
probabihty indicated secondary mfection resultmg from exposure to 
outside contacts Secondary mfection obviously could not take place 
during the penod of isolation and furthermore, individuals harbormg 
potentially dangerous organisms havmg been excluded from the tests 
less severe s5miptoms were to be expected than in an mdmdual going 
about his daily affairs and being frequently exposed to secondary 
infection by many contacts with other people While these experi- 
ments on human volunteers were m progress, a parallel senes of 
sirmlar observations on human beings were carried out by Long and 
DouU (14) These observers obtained results in confonmty with those 
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reported by the early investigators of the common cold and with our 
own and were of particular interest m that the human filtrates used 
were free from Gram-negative filter-passing anaerobes 

The foregoing experiments lead us to certain definite conclusions 
The contagious cold in human beings is due to an invisible agent which 
passes readily through filters which hold back all ordinary bacteria 
and m all likelihood belongs to the group of so-called ultra microscopic 
viruses Colds can be transmitted from man to chunpanzee, from 
chimpanzee to chunpanzee, and from man to man by bactena-free 
filtrates of nasopharyngeal washings obtained from individuals suffer- 
ing from spontaneous colds These experimental colds resemble in 
all respects colds spontaneously contracted m the natural environ- 
ment In apes one of the significant effects of infection with the filter- 
able virus of the common cold is the stimulation into greatly increased 
activity of any pathogenic organism that may happen to be present 
in the upper respiratory tract at the tune of development of the cold 
This we regard as of great unportance since it serves to explain the 
marked secondary activity in the respiratory tract of such organisms 
as pneumococcus, streptococcus and H influenzae which lead to the 
severe complications which sometimes follow the common cold and 
influenza Though this influence is not so directly observable m 
human beings there is every reason to believe, as 1 have suggested m 
the previous lecture, that it is operative 
In order to complete the proof that the common cold is caused by a 
filterable virus our next efforts were directed toward cultivating the 
causative agent in vitro and produang typical attacks of the disease 
with the cultivated virus The first steps in the successful carrying 
out of such a procedure were naturally directed toward an attempt 
to preserve the virus in an active form outside the animal body In 
order to test survival of the virus after removal from the human body 
nasopharyngeal washings were obtained from individuals within the 
first twenty-four hours of a typical attack of common cold The 
material was quickly passed through a Seitz filter, and the filtrate 
subsequently tested for its capaaty to induce colds in chimpanzees 
and human volunteers The filtrates with cystein hydrochloride 
added were preserved anaerobically under vaseline seal both at room 
and at ice-box temperature In some instances the filtrate was con- 
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centrated to approximately one-seventh its original volume by vacuum 
distillation Of twelve inoculations of filtrates preserved in this man- 
ner nine have produced in the inoculated subject a typical attack of 
the common cold The duration of time of preservation of activity in 
stored filtrates has ranged from four to thirteen days Tests of sur- 
vival beyond the thirteenth day have not been made Positive 
results have been obtamed with filtrates kept at room temperature 
and with those kept at ice-box temperature, and with both the uncon- 
centrated filtrate and with that concentrated by vacuum distillation 
From these experiments we conclude that the virus of the common 
cold survives under suitable conditions for at least thirteen days after 
removal from the human body 

Having determined the capacity of this virus to survive m what 
might be considered an adverse environment, an effort was next made 
to cultivate the agent in hvmg tissue medium Foster (15) has pre- 
viously reported the cultivation of an organism from patients suf- 
fering from the common cold, and the communication of colds to human 
volunteers with the early cultures of the agent The method of cul- 
ture chosen by us has been that developed by Maitland and Maitland 
(16) and by Li and Rivers (17) 

Ten day chick embryos are washed and suspended either m Tyrode’s 
solution or m buffered bouiUon prepared from the peptone of Dubos 
and to which 0 1 per cent gelatm has been added At all times an 
effort has been made to protect the agent against the deleterious action 
of peroxides by careful preservation of anaerobic conditions by the 
addition of cystein hydrochloride and the use of the vaseline seal 
The cultures were incubated at 37°C for from three to nine days, 
three- to four-day periods being the best 

The material used for cultivation was obtained from an individual 
with a cold of more than moderate severity The washmgs were 
filtered through a Seitz filter and the mfection was passed in series 
through three human volunteers The last individual inoculated 
developed a cold of unusual seventy perhaps indicating an accession 
of virulence by the virus Nasopharyngeal washings were obtamed 
from this subject, filtered through a Seitz filter, concentrated seven- 
fold by vacuum distillation, and preserved for five days at ice-box 
temperature After the lapse of this interval, 0 25 cc of the concen- 
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trated matenal was inoculated into tissue medium of the nature 
descnbed The culture was incubated for five days at 37°C At 
the end of this tune a human volunteer was inoculated and within the 
usual incubation period developed a cold with 53 uriptoms of rather a 
mild character 

From this time on the virus was earned in tissue medium, and trans- 
ferred after periods of from three to nine days At intervals cultures 
were chosen for the inoculation of expenmental subjects, under the 
customary isolation Positive inoculations were obtained with third, 
sixth, tenth, twelfth, fifteenth and twenty-fifth generations From 
the tenth generation on it was considered that the onginal matenal 
inoculated had been diluted practically to the point of disappearance 
The fifteenth generation representing a ddution of the inoculum of 
apprommately 1 2 quadnllion i\ as inoculated into three human volun- 
teers Of these two developed colds of unusually severe symptoms, 
complete nasal obstruction, frontal headaclic, malaise, loss of appe- 
tite, nasal discharge, and pronounced cough Both had complica- 
tions, one a purulent sinusitis requinng surgical intervention and the 
other a mucopurulent tracheo-bronchitis These two culture colds 
were successfully passed in senes to two additional volunteers 
This culture of cold virus was earned in tissue medium in an active 
state for 106 days No tests subsequent to this period have been 
made In addition to the cultures described two other cultures have 
been made and tested One of these gave a positive result in the 
seventeenth generation and the other in the nineteenth and fifty-first 
generation ’ In all, twenty-three human volunteers have been inocu- 
lated with the culture virus and of these thirteen, or fifty-seven per 
cent, have developed colds within the usual incubation penod Of 
eight chimpanzees inoculated with culture virus, two have developed 
positive infections but with prolonged incubation periods These 
animals appear to be not as susceptible to the cultivated virus as do 
human beings Control inoculation of the constituents of the medium , 
of the tissue medium itself and of healed tissue culture virus have 
failed to produce progressive infection though at times signs of tem- 
porary irritation ha\ e appeared 

Up to tile present, five strains of filterable virus from acute upper respiratory in 
cctions in human beings have been cultivated by us One of these is more than a year 
old and active after eighty three generations 
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Powell and Clowes (18) have recently confirmed the cultivation of 
the virus of common cold in tissue medium These observers inocu- 
lated human volunteers intranasally with different generations of cul- 
ture virus and obtained positive results in twenty-two out of thirty- 
two inoculations performed, an incidence of infection of 69 per cent 
Isolation was not practiced but the experiments were conducted during 
a period of low cold incidence, 8 75 per cent in the control group This 
culture maintained its full virulence in the twenty-seventh generation 
over a penod of seven months At last reports the culture was still 
active 

To review briefly, the common types of acute infection of the respir- 
atory tract, both in the individual and the community at large, 
represent cooperative undertakings on the part of groups of micro- 
organisms These groups of organisms can most profitably be con- 
sidered to function as primary and secondary agents of infection 
For the complete understanding of respiratory infection the inter- 
relationship of activity between the two orders of infectious organisms 
must be worked out It seems likely that the two most important 
types of primary acute respiratory infection are represented by the 
common cold and influenza The etiological agent of the first of these 
has been proven to be a filterable virus a part of whose action seems to 
be the promotion of secondary bactenal infection Suggestive facts 
of a similar character have already been brought to light in the study 
of influenza The number of biological types of such pnmary in- 
fective agents of the respiratory tract remains for the future to decide 

The experimental work presented m these lectures represents a 
cooperative mvestigation on the part of myself and my collaborators, 
Gerald S Shibley, Frankhn M Hanger, Katherine C Mills, and Yale 
Kneeland, Jr (19) 
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CONTRIBUTIONS OF CHEMISTRY TO THE KNOWLEDGE 
OF IMMUNE PROCESSES' 

MICH.'iEL HEIDELBERGER, PnD 

From ihc Deporlmcnl oj Medicine, Collese oj Physicians and Surgeons, Columbia University 
owd tht Uoifnlal, New York Ctly 

Eight years have elapsed since a Harvey Lecture has dealt primarily 
with the chemical basis of immunology In that period chemistry 
has done much to systematize and clanfy the knowledge of the com- 
plex processes resulting in resistance or immumty to disease Several 
leaders in this recent progress ate in the audience tonight, and I should 
have preferred to be a listener, drawing fresh inspiration from their 
eitpenence and vision However, I shall do the best I can 
I should like first to recall some of the chemical studies which have 
led to a clearer understanding of the concept “ Antigen" then to make 
a like examination of the concept “Antibody," and finally to discuss 
such chemical knowledge as is available of antigen-antibody inter- 
actions 

Until very recently it seemed certain that only intact protein or 
very slightly degraded protein could function fully as an antigen and 
directly stimulate the production of antibodies in animals However 
this may be, it is clear that most antigens are proteins of varying 
degrees of complexity Landsteiner, to whose studies we are indebted 
for much of our knowledge of the chemical basis of serological speci- 
ficity, has introduced the useful term “hapten” for that portion of a 
complex antigen which determines the serological specificity The 
hapten fragment of a complete antigen, as the determinant of spec- 
ifiaty, IS capable of reactmg with antibodies produced by the whole 
antigen, but by itself cannot stimulate antibody production Land- 
stemer has shown that in the complex azo proteins, formed by coupling 
diazotized aromatic amines with protems, it is the diazotized aromatic 
' Lecture, delivered before the Harvey Society, New York Citj , March 17, 1933 
279 
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amine wMch determines the speaficity of the resulting compound 
antigen and may be termed the “hapten,” for whether the protein be 
denved from the horse or the chicken the specificity of the new azo 
protein is the same Thus aniline azo horse serum (fig 1, formula a) 
stimulates the production of antibodies in the rabbit which react with 





Fig 1 


amlme azo chicken serum, although native horse serum and chicken 
serum are each species specific and the antisera to them do not cross- 
react Since the hapten introduced enters and modifies the tyrosine 
groupings and perhaps other cyclic groups of the protein, it would 
appear that these amino acids— chiefly tyrosine and histidine— play an 
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important r61e in the speafiaty of antigens, and when altered by the 
introduction of other substances, permit the establishment of a new 
specifiaty charartenstic of the entering group, or hapten Alteration 
of other acidic or basic groups by acylation or metbylation also changes 
the speafiaty, so that the tyrosine and histidine groups are not 
necessanly the only groups concerned 
Up to this point It had seemed that of the naturally occurring 
classes of substances only the proteins possessed immunological 
reactivity In 1917 Dochez and Avery had found that culture 
filtrates of virulent pneumococa contained a “soluble speafic sub- 
stance” nliich was ngorously t3rpe speafic, giving a precipitate with 
antiserum to the homologous pneumococcus type Zinsser and 


COOH 



Position of attacliment of glucuronic aad to glucose is unknown 


Parker found similar reactive products in extracts of vanous micro- 
organisms and called them “residue antigens ” A study of the 
“soluble speafic substances” of type II and type in pneumococcus 
by Avery and myself shoned that each nas a chemically distinct, 
nitrogen-free polysaccharide and thus established the partiapation of 
the sugars in immune reactions and in the determination of bacterial 
speafiaty Indeed, when one considers the enormous number of 
polysaccharides possible on account of the many knoivn sugars and 
the multipliaty of arrangements and isomenc forms in which they 
may be built up into polysaccharides— a multipliaty and variety 
approached only by the proteins — ^it does not appear strange that the 
polymeric sugars should often have immunological properties Sub- 
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sequent work with Goebel showed the presence of nitrogenous sugars 
m the type I pneumococcus specific polysaccharide and demonstrated 
that the type III specific sugar was built up of aldobionic acid units 
(fig 2) — the first discovery of a t)q5e of sugar acid which has since 
been found m other bacterial polysacchandes and even widely dis- 
tnbuted in nature in the plant gums, such as gum arabic, and in the 
hemiceUuloses In table 1 is given a summary of the properties of the 
specific polysacchandes of types I, II, III, and IV pneumococcus. 
It would now seem that nearly every species of bactenum is possessed 
of one or more specifically reactive polysacchandes, and although 
the connection of these sugars with microbic structure and virulence 
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is not always as clear as in the case of Pneumococcus, they play a 
definite and often determining r61e m bacterial specificity While the 
specific carbohydrates may be classed as haptens, they represent a 
distinctive group which not only combines with antibody but pre- 
cipitates it as well This property may be a function of their molecular 
weight, which Kendall and I have shown to be low in comparison 
with the common proteins, but high enough to be in close agreement 
with values only recently established by Haworth for glycogen and 
starch, namely 2400 to 6000 We have also found that partial 
hydrolysis products of specific polysacchandes of as low molecular 
Tveight as 500 still retam the power to precipitate antibody 
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I cannot tonight go into the bnlhant synthesis of carbohydrate 
proteins and the reconstitution of the type III pneumococcus by 
Avery and Goebel, and the discovery by Avery and Dubos of an 
enzyme which stops the type III pneumococcus of its speafic carbo- 
hydrate and Its \nrulence This you will hear, I trust, in due course 
from Dr Avery 

Another group of natural substances whicli may perhaps be classed 
as haptens are the lipoids, although it is beginning to appear as if the 
specificity formerly attnbuted to supposed lipoids such as the group of 
Forssman antigens and blood group speafic substances may actually 
be due to specific polysaccharides In this connection it is interesting 
to recall the intimate relation between carbohydrate and hpoid in the 
horse-kidney Forssman antigen punfied by Landsteiner and Levene, 
and the polysacchandes encountered by Anderson among the hpoid 
fractions of the tubercle bacillus While there is some evidence that 
highly specific antibodies may be developed in a very small percentage 
of animals following the injection of chemically pure members of tlie 
cholesterol group m admixture with pig serum, there is also evidence 
for and against the forcing of pure Icathin into antigenic combination 
We must, therefore, leave the subject of the immunological properties 
of lipoids in Its present equivocal state 
Now vhat can we, as chemists, say of the concept "auttbody"? 
In his chapter in “A System of Bactenology m Relation to Medicine,” 
published in 1931, the English immunologist Dean wrote “we have no 
conclusive evidence that antibodies, in the sense of defimte diemical 
substances, exist ” This, I think, is an unnecessarily pessimistic view 
of existing data, for there is non much evidence that antibodies are 
actually modified serum globulins The chief uncertainty is caused 
by the insistence of certain immunologists that they have obtained 
protein-free antibody solutions These workers have forgotten the 
oft-repeated demonstration that tests for protein with chemical 
reagents fail at dilutions at which biological reactions such as ana- 
phylaxis and bactenal agglutination readily occur, so that until such 
experiments result in the isolation of waghable amounts of protein- 
free antibody they can carry tittle conviction 
On the other hand there is much that points toward the actual 
protein nature of antibodies Felton has shown that the protective 
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antibodies in antipneumococcus horse serum are more or less com- 
pletely precipitated when the serum is added to twenty volumes of 
slightly aadulated water About 90 per cent of the serum proteins 
remain in solution and 60 to 80 per cent of the pneumococcus anti- 
bodies are concentrated in the precipitate and may be redissolved in 
saline and subj ected to further punfication By removal of an inactive 
fraction with acid and treatment with zmc or aluminium salts Felton 
claims to have obtained metal antibody compounds which are com- 
pletely precipitable by the pneumococcus polysacchande of the 
homologous type Unfortunately, the globuhn solutions left after 
removal of the zinc or aluminium are specifically precipitable to the 
extent of only about 80 per cent Although absolutely pure antibody 
has not yet been isolated, Felton is evidently very close to the goal, 
and It should soon be possible to obtain antibody in sufficient quantity 
to study its differences from normal serum globulin 
In addition to the preparation of nearly pure antibody there is now a 
mass of quantitative data supporting the protein nature of antibodies 
I shall mention here only the work of Marrack and Smith, showing 
that diphtheria toxin-antitoxin floccules consist mainly of denatured 
pseudoglobulm — the serum protein fraction with which antitoxin is 
commonly assoaated m the horse — and that the amount preapitated 
is independent of other serum proteins present or added 
If antibody is actually modified serum globuhn, how is it formed 
and what is its relation to the antigen? Buchner accounted for the 
specifiaty of antibody by the assumption that antigen or antigen 
fragments actually entered into the antibody complex Ehrlich 
abandoned this idea because of the large excess of antibody often 
produced Recent evidence against Buchner’s hypothesis is, more- 
over, almost overwhelmmg Completing experiments begun by 
Doerr and Fnedh, Berger and Erlenmeyer obtained highly potent 
antisera to atoxyl azo protein (fig 1, formula b) In this arsanilic 
aad (fig 1, formula c) is the hapten, or specificity determining portion, 
so that if the speafiaty of the resulting antibody depended on the 
mcorporation of speafic antigen fragments into the antibody molecule 
these fragments would necessarily contain arsenic, and it should be 
possible to detect arsemc m the antibody However, as much as 30 
cc of antiserum contained no more than the faint traces of arsenic in 
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the same amount of normal serum The same cxpenment was made 
by Hooker and Boyd, again ivith a negative result Similarly, Kendall 
and I showed that the antibody to a deep red azo protein, R-salt-azo- 
benzidme-azo-crystalline egg albumen (fig 1, formula d), was not 
red, as was the corresponding hapten, but colorless Moreover, the 
quantitative work discussed later shows that the actual amount of 
antibody formed wnth the aid of minimal amounts of antigen is so great 
as practically to preclude the participation of specific antigen fragments 
in the antibody How, then, can antibodies be explained? 

To the chemist, Breinl and Haurowitz’ theory seems reasonable, 
although as yet without direct supporting evidence In their opinion, 
antigen or its partial degradation products may reach the points at 
which globulin synthesis is taking place in the animal body In the 
presence of this foreign protein or its products globulin synthesis is 
somewhat distorted, and distorted in away charactenstic for the foreign 
matenal, so that when the finished globulin encounters the foreign 
protein once more in the circulation or j« i)itro, interaction is possible 
A very clear presentation of this theory has been put forward in- 
dependently by Mudd, and a similar view has been expressed by 
Alexander 

Now that we have acquired a certain chemical perspective on 
antigens and antibodies, although many fundamental questions as to 
both are still unanswered, let us consider the mechanism of their 
interaction 

Since most of the substances involved in immune reactions are 
presumably colloids, the simplest way of disposmg of such phenomena 
as specific preapitation, agglutination, complement fixation or 
hemolysis, or toxin-antitoxin neutralization is to assume that oppo- 
sitely charged colloidal particles combine to produce the observed 
effect This view was first upheld by Bordet, who later modified it 
in the sense that the immune reactions represented adsorption phe- 
nomena Ehrlich, on the other hand, insisted that actual chemical 
combination m definite proportions took place between antigen and 
antibody, and in this he was supported by Arrhenius and Madsen 

While the colloidal theory offers a possible explanation of the course 
of events in an immune reaction, it fails entirely to account for the 
specificity of the reaction, as I trust the following experiment wiU show 
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I have here flasks of diluted type I and type III antipneumococcus sera 
To the type I antiserum I shall add a 1 10,000 solution of the specific 
polysacchande of type III pneumococcus, and to the type III antiserum 
an equal amount of the type I specific polysacchande The sera, of 
course, remain clear Let us recall that both flasks contain antibody 
globulin, presumably as the ionized sodium chlonde compound, and 
on the alkaline side of the isoelectnc point Charges on the antibody 
particles are therefore the same in both cases As for the specific 
polysacchandes, both are salts of polyvalent, complex sugar acids, so 
that the charges on the particles of both must be of much the same 
order If the immune reaction depended, then, on particle charges 
there should again be no evidence of change when I take some of the 
equally charged particles from each flask and add them to the other 
But type I polysacchande has thus been added to type I serum, and 
type III polysacchande to type III serum, specific precipitation occurs, 
and the conclusion seems inescapable that the specific interaction is a 
chemical umon To draw a simple analogy from inorganic chemistry, 
there will, of course, be no preapitate when I add sodium acetate to 
banum chloride, but if I add sodium sulfate, specific precipitation of 
barium sulfate occurs at once 

Of all the immune reactions the precipitin reaction is the simplest, 
but owing to analytical cheimcal difl&culties it has only recently been 
possible to subject the reaction to strict quantitative study The 
analytical problem can be considerably simphfied by the use of the 
type III pneumococcus specific polysaccharide, which is a nitrogen- 
free substance of such definite properties as to suggest that it is m a 
state of high punty Type III pneumococcus antibody may be 
readily obtained by the Felton method, and while not pure, contains 
40 to 50 per cent of specifically preapitable protein If one admits 
that antibody is protein, it should be possible, by adding known 
amounts of mtrogen-free polysacchande to measured amounts of 
antibody solution, to determine by means of nitrogen analyses the 
amount of antibody precipitated Kendall and I have been engaged 
in such studies for several years, and while the work is not completed 
a few conclusions seem possible and several practical results have 
been attained 

If a very small amount of type III pneumococcus polysaccharide. 
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whidi -we shall call S, is added to a relatively large amount of antibody, 
whidi wc shall call A, it is found that as much as 180 mgm of antibody 
may be precipitated for each milligram of S As increasing amounts of 
S are added in proportion to the amount of A this ratio decreases, 
but all of the S added is preapitatcd, leaving antibody in excess 
Finally, with increasing amounts of S, a point is reached at whicli 
there occurs for the first time a very slight excess of S At this point 
there is afso a smaW amount of antibody remaining in sotution This 
stage we have called the “equivalence point,” and at this point the 
ratio of S to A is approximately 1 60 If the amount of S is now 
further increased the traces of A in solution are first preapitated, 
but with relatively large amounts of S, the preapitate formed becomes 
less and less, until with higher concentrations of S no preapitation 
takes place The colloid chemist would say that the precipitate is 
"peptized” by the excess of S, but we have confirmed Arrhenius’ 
behef m a soluble compound and shown that in this inhibition zone 
new, more soluble compounds are formed in which the most soluble 
contains one more molecule of S than the less soluble phase The 
findings may be schematized by the folloiving equations 

s + 3A SA, 

SA| -J- 2S 1 3 SA 
SA (x _ 1)S SxA 

in which SAj represents the liimting compound formed in the region 
of excess antibody, SA the composition of the precipitate at the 
“equivalence point,” and SxA the composition of the most soluble 
matenal in the inhibition zone Each equation can be shown to 
represent a reversible equilibnum, and since the antibody sodium 
dilonde complex is ionized and S is the salt of a highly ionized poly- 
valent acid, the equilibria appear to be ionic and the application of the 
mass law seems justified The preapitin reaction between S and its 
homologous antibody is thus no different in pnnaple from an in- 
organic precipitation such as the speafic reaction we have seen between 
barium and sulfate ions Nor does one have to search far for at least a 
partial analogy to the inhibition zone if we recall that the insoluble 
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Silver cyanide is soluble in an excess of potassium cyanide solution 
The equations are 


and 


Ba++ + so - BaSO , 


Ag+ + CN- AgCN . AgCN -f CN" ^ Ag(CN)r 

Thus one need not be limited as by the colloid theory to names such 
as adsorption, hydrophilic, hydrophobic, or peptization, which are 
descriptive but difficult to translate into quantitative terms Nor 
need one be limited to the analogy of the umon of a weak acid with a 
weak base, which formed the point of departure of Arrhenius’ formula- 
tion of immune reactions, for the multivalence of A and S with respect 
to each other is emphasized and quantitatively accounted for The 
failure of the older theory of antigen-antibody union to do this was 
pointed out many years ago by Fleischmann and Michaehs 

Several immunological puzzles of long standing may be accounted 
for by treatment of the precipitin reaction in this fashion according 
to the laws of classical chemistry Take, for example, the difficulty 
of explaining the coexistence of antigen and antibody in the body 
fluids At the equivalence point, at which the equihbnum may be 
represented by 

[S] [A] ^ 


free A and free S are in eqmhbrium with the insoluble compound SA, 
and either is preapitated on the addition of a small amount of the 
other, just as addition of either ion to a saturated solution of a spar- 
ingly soluble salt produces a fresh precipitate According to this 
view, the amount of A and S in solution should depend upon the 
equihbnum constant and would vary with every system studied 
Thus in the egg albumen-antibody reaction Culbertson reported that 
the amounts of antigen and antibody at the eqmvalence point were too 
p m all to detect Breinl and Haurowitz, on the other hand, studjdng 
the hemoglobin-antibody reaction, found such large amounts of both 
in equihbnum with the precipitate that they were imable to interpret 
their results However, by usmg a dissociation constant deducible 
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from their data, ive have been able to account satisfactonly for their 
findings 

Another immunological puzzle which can now be explained is the 
Danysz phenomenon, and one may even predict for any given antibody 
solution how much antigen wdl be left over if the amount necessary to 
reach the equivalence point is added in definite fractions instead of all 
at once A glance at figure 3 will make this dear The curve shows 
the amount of antibody precipitated from an antibody solution by 



mg sm 


Fic 3 

varying amounts of S At the nght is the equivalence point, at which 
S just begms to show m shght excess S, 0 15 mgm , and 9 0 mgm of 
antibody are thus equivalent if the S is added at one time Let us, 
however, first add one-haU of the amount of S, or 0 075 mgm Under 
these conditions antibody is in relative excess, and as we have seen in 
our previous study, the preapitate will not have the composition SA 
but will be somewhere in the range SA,-SA From the graph, the 
actual amount of antibody precipitated is seen to be 6 7 mgm But 
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this is three-quarters of the antibody precipitated by the entire amount 
of S when added at once, and we still have one-half of the S left over 
This wdl, of course, be far more than necessary to reach the equivalence 
point, and the excess can easily be calculated We have, then, given 
a simple, quantitative interpretation of the Danysz phenomenon in 
terms of the laws of classical chemistry, whereas it is often ated in 
illustration of the colloidal or adsorptive nature of immune reactions 
Indeed, the reaction cannot in this case be one of adsorption, for if the 
fractional amount of S distnbuted itself over the surface of the anti- 
body, removal of the precipitate would remove aU the antibody But 
we have seen that a definite and predictable portion of antibody is 
left over, and in order to precipitate this from the supernatant a new 
and defimte amount of S must be added 

The method illustrated in figure 3 is also of interest in another con- 
nection, since it provides a means for the quantitative imcro-de- 
termination of any specific polysaccharide or antigen which can be 
obtained in a state of punty All that is necessary is to cahbrate an 
antibody solution or serum with known amounts of polysaccharide 
or antigen, taking care always to have an excess of antibody, so that 
all of the polysacchande or antigen wiU be precipitated Nitrogen is 
then determined in the washed preapitate by the micro-Kjeldahl 
method and a curve is constructed from the antibody precipitated, 
deducting the amount of nitrogen in the precipitate due to the poly- 
sacchande, if this contains nitrogen, or to the antigen Amounts of 
specific polysacchande as low as 0 01 mgm may be determined in 
this way with a fair degree of accuracy, since the amount of anti- 
body precipitated is many times that of the hapten or antigen in 
combination 

But it is not only the antigen or hapten for which a quantitative 
analysis may now be made The antibody titer of a serum has usually 
been given in terms of the highest dilution at which it will agglutinate, 
hemolyze, or precipitate the antigen, in terms of the volume of toxin 
it will neutrahze, m terms of mouse protection, — all relative and often 
inaccurate measures giving no idea whatsoever of the actual mass of 
antibody involved If, however, it is admitted that antibodies are 
proteins, an absolute determmation of antibody is now possible 

Returning to the last equation, let us recall that at the equivalence 
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point the speafic preapitate S A is m cqmlibnum with small amounts of 
A and S (see p 288) Clearly in order to obtain the maximum amount 
of speafically preapitable antibody it is necessary to add a somewhat 
greater amount of S, so that the excess will combine with and pre- 
cipitate as much as possible of the small amount of A remaining in 
solution The conditions are thus established for the preapitation 
from any serum of the maximum amount of speafically preapitable 
antibody, and we have made this the basis of a quantitative method 
for the determination of antibody The method consists in the ad- 
dition of a slight excess of speafic polysacchandc or antigen to an 
immune serum or antibody solution and an analysis of the washed 
precipitate by the micro-K-teldahl method for nitrogen Deduction 
of the amount of nitrogen due to the hapten or antigen and multiplica- 
tion by the factor for protein gives milligrams of speafically preapi- 
table antibody for the volume of serum taken This may be as little 
as 0 5 cc in the case of potent sera The micro-Kjeldahl method had 
previously been used by Wu for the analysis of specific precipitates, 
but the conditions for the maximum precipitation of antibody w ere 
not at that time understood 

The first application of this method was in an attempt to determine 
whether or not mouse protection and speafic preapitation ran parallel 
in tjqie I antipneumococcus horse sera Eleven sera w ere studied and 
It was found that they contained amounts of speafically preapitable 
protein ranging from 0 7 to 9 7 mgm per cubic centimeter Parallel 
mouse protection tests made by Sia ranged from 50 to 1600 umts 
When the sera were arranged in the order of increasing mouse pro- 
tection It was found that they were also in the order of increasing 
amounts of speafically preapitable antibody per cubic centimeter 
Seven milligrams per cubic cenbmetcr corresponded roughly to 1000 
mouse protective umts Working with a very much larger number of 
sera, Felton then confirmed the high degree of correlation between 
mouse protection and the maximum amount of specifically preapitable 
protein, so that at least in the case of t 3 q)e I antipneumococcus sera it 
would seem reasonable to substitute the analytical method for the time- 
consuming, expensive and difiicult mouse protection test 
The next apphcation of the method w as m the quantitative study of 
an antigen-antibody system In this case, since antigen and antibody 
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are both considered proteins, it became necessary to distinguish 
between antigen nitrogen and antibody mtrogen in the specific pre- 
cipitate This had already been accomphshed in bnef studies by Wu, 
who determined hemoglobin and total nitrogen in the hemoglobin- 
antibody preapitate, and also analyzed iodoalbuimn-antibody pre- 
apitates for iodine and nitrogen The simplest method, however, 
seemed to us to be the colonmetnc determmation of the amount of 
an azo protein precipitated by its homologous antibody. For this 
purpose the yeUow azo proteins such as those previously discussed 
seemed too light in shade, and accordingly the R-salt-azo-benzidine- 
azo-crystaUine egg albumen denvative was made of which you have 
already seen the formula As you see, this is an intense red, and 
may be quantitatively determined by its color in dilutions even 
greater than 1 100,000 The speafic precipitate with its homol- 
ogous antibody varies from pink to deep red, depending on the 
Relative proportions of the reactants, and each component may be 
detemuned separately in the preapitate or in the supernatant, the 
antigen by comparison with a standard solution, and the antibody as 
previously descnbed In this way it has been possible to show that 
antigen and antibody in this system, too, are multivalent with respect 
to each other — that is, that the composition of the preapitate vanes 
according to the relative proportions of the reactants Thus the 
precipitin reaction between a complete antigen and its homologous 
antibody proceeds m the same manner as that between a speafic poly- 
sacchande and its antibody, the differences being solely numencal 

With the aid of the quantitative method, it is possible to follow 
antibody production in its various stages m annuals, and such a study 
IS m course of pubhcation One thing which it has brought out clearly 
IS the astounding disproportion between the amount of antigen in- 
jected and the amount of antibody produced m the animal Whde 
this has long been reahzed in a quahtative way, we have foimd that 
the serum of reactive rabbits may contain as much as 80 to 110 mgm 
of preapitin per nuUigram of antigen injected Since there is antibody 
m the tissues as well, this may be taken as supplementing the other 
evidence quoted against the actual entrance of specific antigen frag- 
ments into the antibody molecule 

Culbertson has also used the quantitative method in a study of the 
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egg albumen-antibody system and has developed a simple modification 

applicable to that system With its aid he has shovm that the ar- 
culatmg antibody alone accounts quanUtatively for the rapid dis- 
appearance of egg albumen injected into the circulation of immunized 
rabbits, and he has also used the method for the determinaUon of 
blood volume in rabbits 

It IS thus evident that a simple, quantitative treatment of the 
preapitin reaction according to the laws of classical chemistry yields 
information as to the nature of this immune reaction, affords an 
explanation for several puzzling phenomena, provides a means for 
studying the formation of antibodies, and should have practical value 
in the standardization of immune sera and as a tool in immunological 
research Kendall and I have been working toward a complete and 
quantitative theory of the preapitin reaction, but there are still 
difficulties in the way of its realization Undoubtedly other explana- 
tions of the reaction are possible, but the ones based upon colloidal 
chemistry and adsorptive processes have failed to go beyond the 
qualitative stage and have been sterile in their application 
How far a treatment similar to that we have given the preapitin 
reaction may be used for other immune reactions remains largely to be 
seen True, Francis has shown an extensive parallel between the 
successive stages of the preapitin reaction and the agglutination of 
type speafic pneumococci, so that bactenal agglutination, as fore- 
shadowed by the work of Northrop and de Kruif, Shibley, and others, 
IS merely a precipitin reaction at the surface of bactena, and, subject to 
this restriction, is governed by the same laws 
The toxin-antitoxin reaction, involving as it does the direct union of 
antigen and antibody, is very similar to the precipitin reaction and is, 
indeed, often accompanied by flocculation That the preapitate is 
derived mainly from the serum pseudoglobuhn was shown by Marrack 
and Smith, as previously mentioned The chief difficulties in the way 
of a chemical study of the reaction he in the lack of chemical knowledge 
of toxins, for pure toxin has never been isolated, and in the cumbersome 
mechanism of the animal tests for toxin and antitoxin The use of the 
flocculation reaction for the measurement in relative terms of either 
component now seems feasible, the more so as S Schmidt has shown 
that many of the mconsistenaes between the flocculation and anunal 
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tests vanish if the mixtures are allowed to stand long enough to come 
to eqmhbnum before injection into animals 
Let us pursue the analogy between the precipitin and toxin-anti- 
toxin reactions by once more considering the Danysz phenomenon, 
according to which a volume of toxin, added aU at once to an equiva- 
lent amount of antitoxin is just neutralized by the antitoxin, but 
proves excessive if added fractionally To Danysz, m 1902, this was 
clear e\adence that toxin and antitoxin could combine m more than one 
proportion, just as we have found for antigen and antibody in the 
precipitin reaction, and this simple explanation of the effect was 
supported by additional tests to which he subjected it Why, then, 
has the Danysz effect come to be quoted either as evidence for the 
adsorptive nature of toidn-antitoxin umon, or as so puzzling that 
S Schmidt, now working on the subject in Madsen’s laboratory, 
finds himself unable to offer an explanation? The reason, I think, 
hes in the incorporation of Danysz’s interpretation into both of the 
dominating but incompatible theones held at the time by Ehrlich 
and Bordet, and the conflict of Danysz’s idea with the views of 
Arrhenius Ehrhch, although insisting that the combination between 
toxin and antitoxin was chermcal, believed toxin to be a mixture of 
many components of different toxicities and different capacities for 
combination with antitoxin He therefore seized upon the Danysz 
effect as supporting his conception Bordet, believing that antigen 
and antibody reacted by adsorption in an unhmited vanety of pro- 
portions, saw m the Danysz effect and in the similar effect he had 
observed m hemolysis only confirmation of his theory Arrhenius 
apparently strove to keep his idea of a reversible chemical equilibrium 
as simple as possible and refused to admit the complication that toxin 
and antitoxin could combine in more than one proportion Small 
wonder, then, that the interpretation that seemed so obvious to 
Danysz survived only precariously — ^adsorbed, as it were, to another 
theory Arrhenius, to reconcile the Danysz effect with his theory 
that the toxin-antitoxm reaction resembled the neutralization of a 
weak acid, found it necessary to invoke a new hypothesis of a slow 
molecular change m the antitoxin possible only m the presence of toxin 
or toxin-antitoxm, and mvolving a strengthening of the chemical 
union In support of this he says “the strongly toxic solutions m 
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Mhich tetanolysin has been added m fractions slowly lose their ab- 
normal toxicity, and in about six hours at 37° they are no more 
toxic than the corresponding mixtures which have not been frac- 
tionated ” But this IS exactly what would be predicted if toxin and 
antitoxin could combine, as Danysz maintained, in multiple pro- 
portions, and if the equilibnum at the equivalence point were re- 
versible, as Arrhenius himself believed, and as we have shown to be 
the case for the analogous precipitin reaction And in much the 
same nay many of the difficulties recently encountered by students of 
the toxin-antitoxm reaction might have been predicted and may be 
simply explained if the analogy between the precipitin and toxin- 
antitoxin reactions be assumed to hold True, we have pointed this 
out in one instance before, but having done no work ourselves on the 
toxin-antitoxin reaction beyond the necessary calculations, we have 
been very properly denounced in one quarter and ignored in another 
I have tncd to show how chemistry has made a beginning toward 
giving more definite meaning to the concepts anitgen and antibody 
and a better understanding of the mechanism of the immune reactions 
in which they partiapate The introduction of known chermcal 
groups into the protein molecule, with its consequent sensitive control 
of speaficity, and the recognition of the large part played by poly- 
sacchandes in bacterial speafiaty have served to emphasize the 
essentially chemical and ultimately minutely determinable basis of 
biological specificity, and have simplified and clarified relationslups 
and provided powerful aids for further progress With highly purified 
antibody close at hand, and with plausible theories as to its formation, 
the manifold problems connected with antibodies should be well on 
their way toward solution With these newer aids it has already been 
possible to obtain strong evidence of the chemical union of antigen or 
hapten with antibody in multiple proportions, and to express this 
union in terms of the laws of classical chemistry On this foundation 
there are now accessible new and absolute quantitative methods which 
should be useful tools m the acquisition of a final complete under- 
standing of immune processes 
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I INTRODUCTION 

Recent advances m the physiology of the autonomic nervous system 
have established the importance of reflexes m the control of the 
circulation The rather unique function of the vasomotor depressor 
nerves has been revealed mainly through the earher observations of 
Parry (1), Waller (2), Czermak (3), de Cyon (4), and Ludwig (5), and 
through the more recent expenmental and morphologic studies of 
Henng (6), Heymans (7), de Castro (8), and Koch (9) Whether an 
abnormal state of this reflex regulatory mechanism plays a role in 
disease has yet to be learned 

The observations on patients to be descnbed m this communication 
demonstrate that the abnormal state of the carotid sinus is responsible 
for certain symptom complexes in man 

A The mechamsm of the carotid sinus 

Caleb HiUier Parry (1) in 1799, reporting his studies on angina 
pectoris, casually mentions his observations “In patients, whose 
hearts have been beating with undue qmckness and force, I have 
often, in a few seconds, retarded their motions many pulsations in a 
minute, by strong pressure on one of the carotid arteries “ 
this compression of the carotid does actually accumulate blood m the 
aorta and heart ” 

Waller (2) in 1862 descnbed more precisely the effect of pressure 
induced over the carotid artery behind the ramus of the lower jaw of 
man “The heart at first increases m number with decreased power 
followed by a retardation of the heart action of about 4 to 5 beats a 
rmnute ” He attributed the effect of the pressure to irritation 
of the vagus and the sjunpathetic nerve As one of his conclusions 
he states “It is easily ascertained that the symptoms above de- 
scribed are not owing to compression of the carotid artery, as they 
may be produced without obhterating the cahbre of the artery, or 
vice versa the course of the blood may be completely interrupted in the 
artery without producing any of the symptoms enumerated ” 

Czermak (3) in 1866 independently described similar observations 
on himself, noting that pressure on his right carotid artery at about the 
level of the upper margin of the sternocleidomastoid muscle produced a 
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temporary slowing of the heart rate He also noticed a swelling of 
the artery in this area, and therefore attnbuted the slomng of the 
heart to the mechanical stimulation of the v agus trunk by the adjacent 
bulb like dilatation of the carotid artery His interpretation was 
accepted for over half a century by physiologists and clinicians, and 
the commonly observed temporary slowing of the heart in man 
after pressure over the upper lateral portion of the neck was named 
“vagus pressure test” (Vagus Druckversuch) In 1923, howe\er, 
Henng (6) demonstrated the same degree of slowing of the heart rate 
in animals when mechanical pressure was induced directly on the 
bifurcation of the common carotid artery, even after the vagus was 
separated from the artery Ihus Czermak’s interpretation was 
conclusively proved to be incorrect It was this simple observation 
of Henng’s, followed by further studies by him, and later by his 
assoaate, Koch (9), by Hejrmans and his associates (7), and by de 
Castro (8), which demonstrated that the dilated portion of the bifur- 
cating common carotid artery (carotid sinus) is nchly supplied with 
sensory receptors which terminate m characteristic menisa These 
menisci, particularly nch in the adventitia, emerge from the adven- 
titia as spiral fibers and leave the sinus as the sinus nerve of Henng, 
or the intercarolid nerve of de Castro According to the careful 
histologic study of Sunder-Plassmann (10), the intercarotid nerve of 
de Castro corresponds to the “ramus caroticus hypoglossi" of the 
older anatomists and to the “ramus descendens hypoglossi” of Druner 
This nerve joins the glossopharyngeal nerve, and in some animals, 
communications also exist with the vagi, the cervical ganglia, and 
the hypoglossal nerves Thus afferent direct nerve connection is 
present between the carotid sinus and the medullary centers 
It has been repeatedly shown that variation of localized mechanical 
pressure within the carotid sinus of animals produces prompt changes 
in the systemic arterial pressure and the heart rate If the carotid 
sinus IS denervated, the same changes in the intrasinal pressure are 
ineffective Thus the afferent portion of this regulatory reflex, 
located in the nerve structures of the carotid sinus described above, 
carries impulses to the central nervous system which, m turn, through 
efferent channels induce penpheral vasodilatation, slowing of the 
heart, and fall in the arterial pressure if the pressure ivithin the sinus 
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IS raised, and vasoconstnction, increased heart rate, and rise in the 
blood pressure if the intrasmal pressure is lowered The slowing of 
the heart is mainly due to a reflex increase in the efferent vagus tone 
although, as shown recently by Regniers (11), there also occurs 
simultaneously an inhibitory action of the carotid sinus on the tonus 
of the cardiac accelerator ner\^es The vasodilatation, through 
nerve pathways and perhaps through hormonal regulation, involves 
large vascular areas, mduding the splan chni c and probably the cere- 
bral vessels The change in the blood pressure is the combined 
result of the changes in the heart rate and in the vasomotor tonus 
That the fall in the arterial pressure may be the result of a depressor 
vascular reflex alone, vithout associated cardiac slowing, is proved 
by the fact that foUoving double vagotomy or admimstration of 
atropine the fall in the blood pressure can persist m the absence of 
slowing of the heart 

A quantitative interrelation between the pressure changes within 
the carotid sinus and the degree of alteration in the heart rate and 
artenal blood pressure in different species of mammals was demon- 
strated by Koch (9) and by Heymans and Bouckaert (12) Henng 
(6) and Koch (9) mamtamed that the nervous mechamsm of the 
carotid smus acts by exerting a tome inhibitory influence over the 
bulbar vasomotor and other centers Increase m the intrasmal 
pressure gives nse to active tonic inhibitory impulses, while a de- 
crease in pressure causes these afferent impulses to subside, and the 
medullary centers to overact 

In addition to these direct regulatory effects of the carotid smus 
on the circulation, there exist a number of functions of the sinus that 
indirectly influence the arculation Heymans (7), using Toumade’s 
technique, demonstrated that the continuous secretion of adrenahn 
is reflexly controlled by the afferent aortic and smus nerves In the 
carotid sinus we have, therefore, an example of a nervous mechamsm 
which controls the circulation not only directly, but indirectly through 
chemical regulation An important correlation between the carotid 
sinus and the respiration has also been clearly demonstrated by 
Heymans and his coworkers (7) and by Schmidt (13) 
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B The funchon of the carotid sinus m man 

References have already been made to certain observations in man, 
in order to understand more preasely the role of the carotid sinus in 
health and in disease, it seems desirable to consider the scattered infor- 
mation that IS av ailahlc on its function in man This is particularly 
important, as the function of the sinus vanes m different species of 
animals 

Since Waller’s and Czermak’s early observations, numerous studies 
on the effect of pressure over the carotid artenes have been made in 
man, but these investigations were performed with the intention of 
stimulating the vagus mechanically and therefore without a properly 
localized stimulation of the carotid sinus Hence the results can not 
be looked upon as suppl>ing a rehable answ er as to the function of the 
carotid sinus Following Henng’s discoverv' of the function of the 
carotid sinus in animals, Koch (14) studied the effect of pressure over 
the caroPd sinus in SO unselected patients In 28 instances, mostly 
in males, the test resulted in a fall in the systolic pressure, averaging 23 
per cent of the initial level In women a fall in the systolic pressure 
seldom occurred The fall in the artenai pressure occurred inde- 
pendent!} of the slowang of the heart, and therefore it was attributed 
to a depressor v'asomotor reflex These observations were confirmed 
by Hess (15) and b} Mehrmann (16), who noted a particular!} marked 
fall in the artenai pressure m cases with artenosderosis or with 
h}pertension Danielopolu (17) and Tomanek (18) observed either a 
nse or a fall in the arterial blood pressure followang mechamcal stimu- 
lation of the carotid sinus They claimed that two types of carotid 
sinus reflex exist m man, namely, a pressor and a depressor reflex 
hlandelstamm and Lifschitz (19) nghtly emphasized that the results 
reported in the literature foUowmg stimulation of the carotid sinus 
m man are due in part to the faulty technique of this apparentlv simple 
test They pointed out that the test must always be performed under 
identical condiPons The patient should be l}nng on his back, wath 
his head elevated and shghtly overhanging a support If the head is 
then turned somewhat to one side, the sinus is usuallv' located just 
below the angle of the jaw corresponding to the upper level of the 
thjToid cartilage VanaPons in its location, how ev er, are not uncom- 
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is raised, and vasoconstriction, increased heart rate, and rise in the 
blood pressure if the intrasmal pressure is lowered The slowing of 
the heart is mainly due to a reflex increase in the efferent vagus tone 
although, as shown recently by Regmers (11), there also occurs 
simultaneously an inhibitory action of the carotid sinus on the tonus 
of the cardiac accelerator nerves The vasodilatation, through 
nerve pathways and perhaps through hormonal regulation, involves 
large vascular areas, including the splanchmc and probably the cere- 
bral vessels The change m the blood pressure is the combmed 
result of the changes in the heart rate and m the vasomotor tonus 
That the fall in the artenal pressure may be the result of a depressor 
vascular reflex alone, without associated cardiac slowing, is proved 
by the fact that following double vagotomy or admimstration of 
atropine the fall in the blood pressure can persist in the absence of 
slowing of the heart 

A quantitative interrelation between the pressure changes within 
the carotid sinus and the degree of alteration in the heart rate and 
artenal blood pressure m different species of mammals was demon- 
strated by Koch (9) and by Heymans and Bouckaert (12) Henng 
(6) and Koch (9) maintained that the nervous mechanism of the 
carotid smus acts by exerting a tonic inhibitory influence over the 
bulbar vasomotor and other centers Increase in the mtrasinal 
pressure gives nse to active tonic inhibitory impulses, while a de- 
crease in pressure causes these afferent impulses to subside, and the 
medullary centers to overact. 

In addition to these direct regulatory effects of the carotid smus 
on the arculation, there exist a number of functions of the sinus that 
indirectly influence the circulation Heymans (7), using Toumade’s 
techmque, demonstrated that the continuous secretion of adrenahn 
is reflexly controlled by the afferent aortic and sinus nerves In the 
carotid sinus we have, therefore, an example of a nervous mechanism 
which controls the circulation not only directly, but indirectly through 
chenucal regulation An important correlation between the carotid 
sinus and the respiration has also been clearly demonstrated by 
Heymans and his coworkers (7) and by Schmidt (13) 
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SIS, but whose arterial blood pressure was below 160 mm Hg systolic 
and below 90 mm diastolic 

The results of these observations are essentially in agreement with 
those of Mandelstamm and Lifschitz (19) The most significant find- 
ings were that in persons unth normal cardiovascular system the 
response was absent in 30 per cent of the cases, m the rest there was a 
fall m the systolic and diastolic artenal blood pressure of less than 10 
mm Hg and very little slowing of the heart (fig 1) In 55 per cent of 
the cases the slowing of the heart either was absent or was less than 6 
beats per minute In the group of patients with hypertension, 78 per 
cent showed a drop in the systolic blood pressure of from 10 to 105 

LI 
A 

B 


C 


rio 1 A case with normal cardiovascular system, and with normal response lojcarotid 
sinus pressure Electrocardiogram Lead I A, B and C represent continuous tracing 
Vertical white lines in A and C indicate beginning and end of pressure on the right carotid 
sinus Note the very slight slowing 
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mm Hg, with an average of 40 ram The fall in the diastolic pressure 
vaned up to 40 mm Hg, ivith an average of 18 mm Hg The slowing 
of the heart in 70 per cent of the cases varied from 4 to 20 beats per 
minute, rvith an average of 8 In the arteriosclerotic group without 
hypertension 80 per cent showed a drop in systolic blood pressure of 
from 10 to 65 mm Hg, with an average of 30 mm The fall in the 
diastolic pressure varied from 5 to 35 mm Hg, with an average of 25 
mm The slowing of the heart vaned from 6 to 28 beats per minute, 
with an average of 16 beats No correlation existed between the 
cardiac slowing and the fall in blood pressure in a given case 
In the groups with hypertension and arteriosclerosis, dizziness fol- 
lowed at times firm and prolonged pressure In no instance, how ever. 
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mon We have observed 2 cases in which the dilated sinus was located 
at the level of the larynx on one side and higher on the other side If 
over the sinus area pressure is induced toward the spinal column, a 
characteristic depressor response of 10 to 20 seconds’ duration can 
often be ehcited 

Mandelstamm and Lifschitz demonstrated that such a stimulation 
of the sinus nerve in man results in a true depressor nerve reflex 
They succeeded in inducing a fall m systohc pressure of at least 10 mm 
Hg in 60 per cent of 335 cases The degree of fall was particularly 
marked in patients with artenosclerosis and with hypertension Thus 
in 103 aged and retired Russian workers the average fall in systolic 
blood pressure was 37 mm Hg, while in 106 healthy soldiers it was 
only 5 mm Hg They found that a parallehsm between the degree of 
slowing of the heart and the fall m blood pressure did not necessarily 
exist, frequently fall in the blood pressure occurred without slowing of 
the heart rate The fall in the blood pressure lasted but a few minutes 
in the majority of instances, but it was usually of longer duration than 
the sieving of the heart Repeated tests always resulted m similar 
responses imder identical experimental conditions These investiga- 
tors failed to find a difference between the effect of the stimulation of 
the right and of the left sinus They noted that the intensity of the 
responses was the same in both sexes 

n OBSERVATIONS 

A In normal subjects and m patients with priviary arterial hypertension, 
with arteriosclerosis, and with abnormality of the heart 

During the past 4 years one of us has tested routinely the effect 
of mechanical stimulation of the carotid sinus in several hundred ward 
and ambulatory patients bj’- means of a technique similar to that used 
by Koch (9) and bj’’ Mandelstamm and Lifschitz (19) As control, 
pressure below the sinus was apphed Record of the changes m blood 
pressure and heart rate was kept in 128 cases (a) 50 patients with 
normal cardiovascular systems, (5) 42 patients with arterial hyper- 
tension, having a systohc pressure of from 180 to 260 mm Hg and a 
diastolic pressure of from 90 to 170 mm Hg, in whom arteriosclerosis 
was either absent or present in varying degree, and (c) 36 patients 
over 50 years of age in whom the primary diagnosis was artenosclero- 
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B The syndrome dtzzmess, fainting and convulsions due to hyperactive 
carotid sinus reflex 

We have studied 15 patients, who, mth two exceptions, complained 
of spontaneous attacks of dizziness and fainting and in whom pressure 
of graded sevent> on one or on each carotid sinus produced dizziness, 
fainting and convulsive seizures These cases were found among a 
large group of patients suffering from vanous diseases associated with 
fainting or convulsions The observations to be presented not only 
throw light on the mechanism underlying the clinical manifestations 
of dizziness, fainting and convulsions, but they also reveal the nature 
of the mechanism of the carotid sinus reflex in man 
We have observed certain definite pathologic changes in the carotid 
sinus and changes in the circulatory and nervous systems resulting 
from stimulation of the carotid sinus by pressure These abnormali- 
ties will be taken up in the following order (1) subjective symptoms 
such as dizziness, blurring of vision, ringing in the ears, and objective 
signs such as pallor, fainting and convulsions, (2) gross changes in the 
structure of the sinus, (3) effect of bodily posture on the symptoms, 
(4) slowing of the heart rate, (S) fall in artenal blood pressure, (6) 
electrocardiographic changes, (7) diminution in cardiac output and 
increase in circulation tune, (8) changes in the gaseous content of the 
blood obtained from the internal jugular vein In addition, we have 
studied the effect on the reflex of certain pharmacologic agents, and 
m two instances the effect of therapeutic section of the intercarotid 
nerve These changes occurred in various combinations in different 
patients A summarized report of the cases is appended to this 
communication 

1 Symptoms and signs These depended in the majority of cases 
upon a marked sloiving of the heart, or a fall in blood pressure or both 
Where the blood pressure fell but little, fainting and convulsions 
occurred after asystole lasting for from 7 to 10 seconds Cases 
showing marked hyperactivity of the sinus exhibited contralateral 
convulsions on mild stimulation and generalized convulsions following 
stronger stimulation In all cases convulsive movements were 
preceded by a state of unconsciousness, which came on suddenly or 
slowly, depending on the degree of pressure, and was often preceded by 
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TABLE 1 

Symptoms and signs resulting from pressure on the carotid sinus 


PATIENT 

1 SINUS 
STIJIU- 
LATED 

! SYMPTOMS 

SIGNS 

1 

Right 

Dizziness, blurnng of vision, 
faintness 

Slowing of pulse, fall in blood pressure 
(marked), pallor, hyperpnea, un- 
consciousness, convulsions (chiefly 
unilateral) 


Left 

Slight dizziness 

Slowing of pulse, fall in blood pres- 
sure, no convulsions or fainting 

2 

Right 

Dizziness, blurring of vision, 

1 faintness 

Asystole, marked slowing of pulse, fall 
j in blood pressure (moderate), pal- 

1 lor, h 3 T)erpnea, unconsciousness, 

convulsions (bilateral) 


Left 

Same 

Same 

3 

Right 

Dizziness, "music in ears,” 
blurnng of vision 

Slowing of pulse, fall in blood pressure 
(marked), pallor, hyperpnea, un- 
consciousness, convulsions (bilat- 
eral) 


Left 

Same, but less marked 

Same, but less marked 

4 

Right 

None 

Moderate slowing of pulse, no fall in 
blood pressure 


Left 

None 

Slight slowmg of pulse 

S 

Left 

Dizziness, blurnng of vision, 
famtness 

Asystole, slowing of pulse, fall in 
blood pressure (moderate), pallor, 
unconsciousness, convulsions (bilat- 
eral) 


Right 

None 

Slowing of pulse, falhn blood pressure 
(moderate), no famtmg or convul- 
sions 

6 

Left 

Dizziness, blurnng of vision, 
faintness 

Asystole, slowing of pulse, hyperpnea, 
convulsions (unilateral), no fall in 
blood pressure 


Right 

Same, but much less marked 

Same, but much less marked 

7* 

Right 

None 

A-V block, regular ventncular 
rhythm, no fall in blood pressure 


Left 

None 

Same 

8 

Right 

Dizziness, blurnng of vision, 
“dead feeling” in left arm 

Listless expression, pallor, perspira- 
tion, fainting, no slowing of pulse 
or fall in blood pressure 


Left 

None 

None 

9 

Right 

Dizziness, blurnng of vision 

Slight slowing of pulse, pallor, no fall 
in blood pressure 


Left 

None 

None 


* Fibnllating 
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TABLE \—Cmtlitlrd 


p\t:ent 

SINUS 

STIMU 

LATFD 

SYMPTOUS 

sirss 

10 

Ritln 

Dizziness, blurring of Msion, 
f'l.intne'is 

Asystole slouing of pulse fall m 
blood pressure (moderate), aphasia, 
unconsciousness, convulsions (bilat 
cral) 


Left 

Same 

Same 

U 

Rlt'A 

Dizziness, sec*! “bKck spots in 
front of cj cs” 

Slight fall m blood pressure, pallor, 
uncon ciousness, tn itching of the 
lefthand,nosloiMngofpul e 


I eft 


Same, but not so marked 

12 

Light 

Dizziness, blurring of Msion 

Marked slowing of piiLe, fall in blood 
pressure, pallor, hyperpnea, un 
consciousness convul ions (uni 
lateral) 


Left 

Same 

Same but not so marked 

13 

Right 

Dizziness blurring of vision 

Marled slowing of pulse and fall in 
blood pressure, fainting 


Left 

Same 

Same 

14 

Right 

Dizziness blurting of \ision, 
headache 

Slight slowing of pulse fainting and 
convulsions (unilateral), no fall m 
blood pressure 


left 

None 

None 

15 

Right 

Dizziness darkening of vision 

Slow ing of pulse, fall m blood pressure 
pallor, hvperpnea, unconsciousne's 
convulsions (unilaltral) 


1 Left 

Same 

Same 


characteristic aurac such as epigastric discomfort, ringing in the ears 
or visual hallucinations In order to induce minimal discomfort, the 
pressure over the sinus was usually released at the onset of the first 
clonic movements Three of the cases (Nos 8, 9 and 14) showed the 
usual striking clinical symptoms and signs from stimulation of the 
sinus, although the> had little or no slowing of the heart or fall m blood 
pressure In these cases fainting and convulsions were assoaated 
with marked pallor of the face followed by an intense cyanotic flush 
Control observations w ith the same degree of pressure over the carotid 
artery below the sinus w ere performed frequently and failed to induce 
symptoms and signs Table 1 summarizes the symptoms and signs 
'•esultmg from pressure on the carotid sinus in the cases studied 
2 Palhology Hyperactivity of any reflex may be caused by m 
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TABLE 1 

Syinplotns and signs resulting from pressure on the carotid sinus 


PATIENT 

SINUS 

STIMU* 

LATED 

SYMPTOMS 

SIGNS 

1 

Right 

Dizziness, blumng of vision, 
faintness 

Slowing of pulse, fall in blood pressure 
(marked), pallor, hyperpnea, un- 
consciousness, convulsions (chiefly 
unilateral) 


Left 

Slight dizziness 

Sloiving of pulse, fall in blood pres- 
sure, no convulsions orfamting 

2 

Right 

Dizziness, blurring of vision, 
faintness 

Asystole, marked slowing of pulse, fall 
in blood pressure (moderate), pal- 
lor, hyperpnea, unconsciousness, 
convulsions (bilateral) 


Left 

Same 

Same 

3 

Right 

Dizziness, “music in ears,” 
blurnng of vision 

Slowing of pulse, fall in blood pressure 
(marked), pallor, hyperpnea, un- 
consciousness, convulsions (bilat- 
eral) 


Left 

Same, but less marked 

Same, but less marked 

4 

Right 

None 

Moderate slowing of pulse, no fall in 
blood pressure 


Left 

None 

Slight slowing of pulse 

5 

Left 

Dizziness, blumng of vision, 
famtness 

Asystole, slowing of pulse, fall in 
blood pressure (moderate), pallor, 
unconsciousness, convulsions (bilat- 
eral) 


Right 

None 

Slowing of pulse, fall in blood pressure 
(moderate), no fainting or convul- 
sions 

6 

Left 

Dizziness, blurring of vision, 
famtness 

Asystole, slowing of pulse, hyperpnea, 
convulsions (unilateral), no fall in 
blood pressure 


Right 

Same, but much less marked 

Same, but much less marked 

7* 

Right 

None 

A-V block, regular ventricular 
rhythm, no fall in blood pressure 


Left 

None 

Same 

8 

Right 

Dizziness, blurnng of vision, 
“dead feeling” in left arm 

Listless expression, pallor, perspira- 
tion, fainting, no slowing of pulse 
or fall in blood pressure 


Left 

None 

None 

9 

Right 

Dizziness, blurnng of vision 

Slight slowing of pulse, pallor, no fall 
in blood pressure 


Left 

None 

None 


* Fibnllating 
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TVItLF l—Canfludet 


PATILNT 

STIMU 

1.A1FP 

S^MPT01t^ 

sirvs 

10 

Ritht 

Dizziness, blurring of \ision 
faintness 

Asystole, slowing of pulse, fall in 
blood pressure (moderate), aphasia, 
unconsciousness, conv ulsions (bilat- 
eral) 


I eft 

Sanic 

Same 

11 

Riglit 

Dizziness «;ces*‘bHcVspots\n 
front of c>cs” 

SbgVvt faW \T\ Wood pressute, pallor, 
unconsciou ness, twitching of the 
left hand, no slowing of pul c 


I eft 


Same, but not so marked 

12 

Ritht 

Dizziness, hluninK of \ision 

Marked slowing of pul«e, fallm blood 
pressure, pallor, h>T3crpnea, un 
consciousness, convul ions (uni 
lateral) 


1 Lelt 

Same 

Same, but not so marked 

U 

Right 

Dizziness, blurring of vision 

Marked slowing of pulse and fall m 
blood pressure, fainting 


Left 

Same 

Same 

14 

Right 

Dizziness blurring of vision, 
headache 

Slight slowing of pulse, fainting and 
convulsions (unilateral), no fall m 
blood pressure 


left 

None 

None 

15 

Right 

Dizziness, darkening of vision 

Slowing of pulse fall in blood pressure 
pallor h>’pcrpnea unconsciousne s 
convulsions (unilateral) 


Lett 

Same 

Same 


characteristic aurae such as epigastric discomfort, ringing in the ears 
or visual hallucinations In order to induce minimal discomfort, the 
pressure over the sinus was usually released at the onset of the first 
clonic movements Three of the cases (Nos 8, 9 and 14) showed the 
usual striking clinical symptoms and signs from stimulation of the 
sinus, although they had little or no slowing of the heart or fall in blood 
pressure In these cases fainting and convulsions were associated 
with marked pallor of the face followed by an intense cjanotic flush 
Control observations with the same degree of pressure over the carotid 
artery below the sinus were performed frequently and failed to induce 
symptoms and signs Table 1 summarizes the symptoms and signs 
’■esulting from pressure on the carotid sinus in the cases studied 
2 Pathology Hyperactivity of anj reflex may be caused by in- 
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when’hc i\ as lying down In case 2 we measured repeatedly the time 
interval between stimulation of the smus and the onset of fainting in 
various positions of the bodj With the head down and the body 
and feet elevated at an angle of 30° the attack was brought on in 30 
seconds, with the patient hori7ontal, in 10 seconds, with the patient 
standing, in 8 S seconds 



liG 5 Sime specimen as figure 4 The {,roup of Ijmph nodes has been removed to 
show the bulbous dilatation of the internal carotid arterj — the carotid smus 

4 Slouiing of the heart rate This was present, in some degree, in 
all except 3 of the cases In several of the patients studied there w as 
cardiac standstill lasting 2 to 12 seconds, followed by a slow rate as 
long as the pressure was applied The onset and disappearance of 
the slowing immediately followed the application and relief of pressure 
(chart 1) The greatest slowing alwajs occurred directly after pres- 
sure was applied, thereafter the rate became more nearly normal, 
even though pressure was continued Table 2 presents the effect of 
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Chart 1 The effect on heart rate and blood pressure of pressure on the carotid 
sinus (case 1) Note that both heart rate and blood pressure show a marked fall imme- 
diately after stimulation of the sinus When pressure is released, the heart rate returns 
to normal very quickly, the blood pressure more slowly 


TABLE 2 

Effect on heart rate of pressure on the carotid sinus 



1 

NORMAL 

PRESSURE RIGHT CAROTID SINUS 

PRESSURE LEFT CAROTID SINUS 

PATIENT 

HEART RATE PER 
MINUTE 

Miximal 
nsystole dura- 
tion 

Heart rate 
per minute after 
'is> stole 

Maximal 
as> stole dura- 
tion 

Heart rate 
per minute after 
asystole 

1 

1 

64-72 

seconds , 

36h12 

se onds 

None 

36-^2 

2 

90-110 

1 10 

5-15 

12 

10-30 

3 

56-60 

3t 

38-50 

None 

38-50 

4 

80-84 

None 

40-45 

None 

70-75 

5 

90-96 

2 

80-90 

5 

50-60 

6 

75-80 

None 

65-70 

4 

30-50 

7 

75-80* 

None 

60 

None 

60 

8 

100-108 

None 

100-108 

None 

100-108 

9 

90-96 

None 

75-80 

None 

90-96 

10 

72-80 

8 

40-50 

5 

40-50 

11 

68-72 

None 

68-72 

None 

68-72 

12 

100 

None 

60 

None 

64 

13 

72 

None 

Slowed mark- 

None 

Slowed mark- 




edly 


edly 


* Fibnllating 
t Not always present 
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irotid sinus pressure on the heart rate in this group of cases The 
itensity of pressure often had a direct beanng on the degree of slow- 
ig In the most sensitive cases even the slightest manipulation of 





Tif 6 Case 2 Electrocardiogram 11 The vertical white line in /I represents 
•essure on both supraorbital nerves, in B, pressure on the abdominal aorta, and in C, 
■cssure on the right femoral artcr> There was no appreciable slowing m any case 

TABLE 3 

Blood pressure changes due to stimuhtton of the carotid sinus 



^ fragiTAt j 

1 pizssvnr fsnn MOTTO J 
! ststs 1 

1 TMZSSVSr 1£TT CASOTJO 
srsvs 

TAnevT 

Arterial blooi pressure 


S)*sifllic 

Diastolic 

S> stohe 

Diastohe 

1 S>stoIic 

Di&stolic 


mm Hg 

mm llg 

Ht 

mm Hg 

mm Tig 

tnm Hg 

1 

140 

72 

38 

? 

72 

60 

2 

160 

80 

115 

75 

115 

75 

3 

128 

68 

70 

? 

85 

50 

4 

17(5 

90 







72 

mssm 

? 

90 

? 

mm 


30 


30 


30 

mm 

175 

100 

BH 

90 

mm 

90 


106 

54 


54 


54 

HEH 

114 

72 

114 

72 

114 

72 

mm 

mm 

75 

98 

64 

96 

64 

11 


78 

78 

50 1 

84 

60 

12 

[■9 

90 

70 

55 

42 

? 

13 

1 110 

70 

50 

30 

50 

30 


the skin over and around the sinus induced cardiac sloiving Pressure 
o\er the eyeballs, abdominal aorta, and femoral arteries induced al- 
niost no slowing m cases where this was tried (fig 6) 
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5 Fall tn arterial blood pressure The fall in arterial blood pressure 
was not always related to cardiac slowing The degree of fall showed 
wide variations Like the heart rate, the greatest fall in the blood 



Fig 7 Case 2 Electrocardiogram Lead I A, B, C and D represent continuous 
traang Vertical white lines in A and C indicate beginning and end of pressure on the 
carotid sinus Note the long period of cardiac standstill followed by a slower rate and 
wide ventricular complexes The wavy tracing in D indicates a mild convulsion, with 
recovery at the end of the tracing 



Fig 8 Case 2 Electrocardiograms Leads I and 11 Vertical white lines indicate 
beginning of slight pressure on the carotid smus Note in Lead II the prolongation of the 
P-R interval 


pressure came immediately after the pressure was applied The 
return to normal, on the other hand, occurred relatively slowly (chart 
1) Often not only the degree but the suddenness of the application 
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of pressure had a direct relation to the degree of fall Table 3 sum- 
manzes the blood pressure changes m this group of cases 

6 Electrocardiographic changes The stimulation of the carotid 
sinus induced striking changes in the mtracardiac conductive system 



Tio 9 Case 2 Electrocardiogram Lead HI A, B, C and D represent continuous 
tracing Vertical white lines in A and C indicate beginning and end of firm pressure on 
tie carotid sinus Note complete AV blod., ventricular escape and bizarre QRST 
completes The wavy tracing in C and D indicates a convulsion, with recovery at the 
end oi i> 


LI 





Fjc 10 Case 6 Electrocardiograms Leads I, II and III Vertical white lines m eacb 
lead show beginning of carotid sinus pressure Note complete A V block and \ entricular 
extrasystoles 


These varied greatly in different patients, and even m the same 
patient The most profound changes observed were the long periods 
of cardiac standstill, during which no activity of any of the chambers 
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of the heart was registered (fig 7) A frequent feature of many of the 
electrocardiograms was evidence of block between the auricles and the 
ventricles, varying in degree from a prolonged P-R interval (fig 8) to 
complete A-V block (figs 9 and 10) In some cases, the auricles con- 

L2 
A 

B 


C 


D 



Fig 11 Case 1 Electrocardiogram Lead II A, B, C and Z> represent continuous 
traang Vertical white lines in A and C indicate begmnmg and end of carobd smus 
pressure Note the marked slowing, A-V block, and nodal rhythm The wavy tracmg 
in C and D represents a mild convulsion, with recovery at the end of D 



Fig 12 Case 2 Electrocardiograms Leads 1, II and III Vertical white Imes m 
each lead indicate beginning of carotid smus pressure Note A-V block, ventricular 
extrasystoles, and bizarre ventricular complexes 


tinued to beat for several seconds after the smus was stimulated, none 
of the P waves being followed by QRST complexes, following this, 
there w^as evidence of ventricular activity, either as nodal rhythm, 
ventncular extrasystoles or bizarre complexes such as occur in ven- 
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tncular fibnllation (figs 11 and 12) We can not explain some of the 
complexes such as those shown in figures 9 and 11 In case 4 with a 
normal electrocardiogram, pressure on the sinus caused the ST ^\aves 



Fig 13 Case 7 Electrocardiogram Lead I Vertical T^hite lines m PR and RR 
indicate beginning and end of pressure on the right carotid sinus, in PL and RJ Ugiiming 
and end of pressure on the left carotid sinus (the marker in PL was made a litUc fate) 
In the control traang, note the rhythm of auricular hbnllalion, this gives vvaj to a 
regular, \entncular rhythm when pressure is made on the carotid sinus, but returns when 
pressure is released 


TABLE 4 

Cardiac output and dye arculalton time 


PATIZKT 


DY£ aSCUIAMOS 
Tiui: 

CAWl 



Ui«ndt 


1 / 

Normal rcstmg state 

J6 

*0 

1 

Pressure carotid sinus 

j 


2 ( 

Normal resting state 

IS i 


1 

Pressure carotid sinus 

26 ' 

$ 

3 ( 

Normal resting stale i 

' ( 



Pressure carotid sinus 1 

1*^ 

^ c 

6 ( 

Normal resUng state 1 


> ( 

i 

Pressure carotid sinus ( 


•? ^ 


to become convex up^^ard vnth an mxsr.xr 

the electncal axis also occurred (nsr io> Y-c, 

were associated mth precordialn-.c 
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7 Volume and velocity of blood flow These were estimated by the 
dye injection method described by Hamilton, Moore, Kinsman and 
Spurhng (20) The circulation time is considered to be the time elaps- 
ing between the injection of the dye into the antecubital vein and its 
appearance m the femoral artery Determinations were made first 
while the patient was at rest and then were repeated while pressure was 
applied over the carotid sinus, and while there was slowing of the heart, 
fall in arterial blood pressure, fainting and mild convulsions The 
results of these determinations, which are shown in table 4, indicate that 



Chart 2 Case 1 Dye distribution curves in cardiac output determinations before 
and during carotid sinus pressure 


dunng stimulation of the sinus there is a decrease in the cardiac output 
and slowing of the velocity of blood flow, but the degree of the changes 
vanes Chart 2 shows the dye distribution curves in two cardiac 
output determinations in case 1 

8 Cerebral circulation {a) Oxygen and carbon dioxide content of 
blood from the internal jugular vein According to a technique previ- 
ously descnbed (21) blood was taken, under local anesthesia, from the 
femoral artery and the internal jugular vein while the patient vas lying 
quietly in bed Then, wth needle m place m the internal jugular 
vein, pressure was apphed on the opposite carotid sinus until the heart 
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slowed, blood pressure fell, and fainting and mild convulsions de- 
veloped At the beginning of and during these symptoms a continu- 
ous sample of blood was ivithdrawn All samples were collected under 
oil The analyses were made by the method of Van Slyke These 
results are shown in table 5 

(b) Vessels of the eyegrounds Repeated attempts have been made 
to compare the vessels of the eyeground before, during and after 
release of pressure over the sinus In some instances paling of the 
eyegrounds, with narrowing of the smaller vessels, followed by an 
increase in color and dilatation of the vessels, was thought to occur, 
but the changes were not staking enough to trust the observations ® 


TABLE 5 
Blood gase^ 


AKTEKlAl BLOOD I INTEBSAL JOCVIAS BLOOD 







TABLE 7 

Effect of atropine intramuscularly 


BETORE ATROPINE 


PATIENT 

Resting 


Pressure on carotid sinus 


Heart rate 
per minute 

Arterial 

blood 

pressure 

Heart rate 
per minute 

Arterial 

blood 

pressure 

Symptoms and signs 

1 

64 

mm Hg 
114/82 

36-48 

ntm Hg 

90/72 

Dizziness, faintmg, pallor, 

2 

86 

158/68 

5-15 

100/52 

convulsions 

Dizziness, fainting, pallor, 

3 

52 

m/66 

38-50 

70/? 

convulsions 

“Music in ears,” pallor. 

6 

84 

Ul/Al 

30-50 

132/30 

fainting, convulsions 
Faintness, blurnng of 

11 

68 

108/78 

68 

84/60 

vision, convulsions 
Dizzmess, fainting, pallor 


AFTER ATROPINE 


PATIENT 

1 

DOSE 

OF ATROPINE 

j Resting 


Pressure on carotid sinus 

SULPHATE 

Heart 
rate per 
minute 

Arterial 

blood 

pressure 

Heart i 
rate per 
minute j 

Arterial i 
blood 
pressure 

Symptoms and signs 


mgm 


mm Hg 


mm Hg 


1 

5 75 
(2 doses) 

108 

112/? 

104 

i 

Blurring of vision, mild 
convulsion, no faintmg 

2 

5 10 
(2 doses) 

100 

140/70 

100 

mi6i 

Hyperpnea, no fainting or 
convulsions 

3 

5 10 
(3 doses) 

72 

140/70 

68 

94/? 

“Music in ears,” pallor, 
famting, convulsions 

6 

1 

2 55 
(1 dose) 

84 

142/40 

84 

140/40 

No fainting, blurnng of 
\asion or convulsions 

11 

2 55 

(1 dose) j 

120 

i 

116/80 

120 

1 


Dizziness, famting, paUor 




c 

Fig 15 Case 2 Electrocardiogram Lead II B and C represent contmuous trac- 
mg Vertical white line in A indicates beginning of pressure on the nght carotid sinus 
after atropine Figure 7 shows the effect of right carotid sinus pressure in this same case 
before atropine 
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sympathetic endings in the wall of the sinus or on the vagus center, we 
compared the effect of injecting atropine into the internal carotid 
artery above the sinus with that produced when atropine was injected 
mto'the common carotid artery below the sinus As the results were 



riG 16 Case 2 Electrocardiogram Lead II A, B and C represent continuous 
traang Vertical white lines m A and C indicate beginning and end of nght caroUd sinus 
pressure after the injection of 0 32 mgm atropine sulphate into the nght carotid artery 
Figure 7 shows the effect of right carotid sinus pressure in this same case before atropine 


j i U-,U4t I i f 4 1 1-;,. : i 4 . . t v: - 



Fig 17 Case 2 Electrocardiogram Lead 11 A, B, C and D represent continuous 
Uacing Vertical white lines in A and B indicate beginning and end of pressure on the 
injection of 032 mgm atropine sulphate into the nght carotid 

the same, regardless of whether atropine was administered below or 
above the sinus, it is concluded that atropine exerts no local effect on 
the sinus, but rather acts on the ipsolateral centers of the midbrain 
Table 8 shows the results m 4 patients 
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Effect of alroptiie tn carotid artery 
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* Repeated another day with same amount of atropine m the common carotid artery below the sinus Same results 
t Repeated another day with double this amount of atropine intravenously Slowing was not abolished 
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(d) Sodium luminal In order to determine whether the reflev 
could be abolished by centril depression, a sufficient amount of 
sodium luminal IV as given intravenousl> to cause extreme somnolence 
The sensitivity of the reflex was not affected (table 9) 

(c) Nmocatnc block of the sinus This was accomplished by intro- 
ducing a hypodermic needle into the tissue over the sinus until the 
wall of the artery could be felt to pulsate against the needle Novo- 


TABIE 9 

Effect of sodium luminal intravenously 





DEPOSE LtfUIKAL 


PATIENT 

Resting 1 


Pressure on carotid sinus 


Heart rate 
per minute 

Arterial IjIooJ 
pressure 

Heart rate 
per minute 

\rtcrial blood 
pressure 

Symptoms and signs 


1 

mm Hg 


mm Hr 


1 

76 

128/92 

35-42 

90/72 

I)iz2ifles5, hinting, pal 
lor,con\u2«ioijs 

2 

100 

180/94 

5-15 

142/60 

1 

Dizzmesi, raintm;, pa/ 
lor, contTiIsions 


ATTER tUMMAt 


PAIWVT 

oose 

Resting 1 

1 

Pressure on nretid dibs 

1 tVirtNAl, 

Heart 
rate per 
minute 

Arterial 

b!o^ 

pressure 

Heart 
rate per 
minute 

Arterial 

blo^ 

pressure 

1 S>TJpvtwt la i 


fitgm 


mm Hg 


mw Hg 

1 

1 

455 

(2 doses) 

76 

124/94 

36-42 

76/65 

I 

/ Dizzices«, pallor, 

1 coarrliioua (shpt 

scundl) for 4 he jrs) 

2 

455 

(1 dose) 

104 

176/92 

5-15 

130/? 

DizziPtss, halting, pallor, 
coavulst « ('iirp* 

sojndlj /c* 3 hours) 


came was then injected into the wall of the arteij Tluc procedure 
regularly blocked the reflex, as is shown bj tbe data given m tab’e 10 
The abolition of the reflex slowing of the heart b ^iaini a finnre is 
Two objections arose as to the mterpretal,onoftie>enbdL- 
(a) that they were due to a systemic action of liermixaa; l 
that the efferent impulses through the lagR bsa been D’ocIeT Tn 
test the validity of these objections re (o)in,»cted tte ? 

of novocaine in an indifferent area of ,fened,^ana (ol 
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TABLE 10 

'Novocatnization of carotid sinus 


BEPOEE NOVOCAINIZATION 


PATIENT 1 

Resting 


Pressure on carotid sinus 


Heart rate 
per minute 

Arterial 

blood 

pressure 

Heart rate 
per minute 

Arterial 

blood 

pressure 

S 3 Tnptoms and signs 



mm Hg 


mm Hg 


1 

72 

120/72 

36-40 

58/? 

Dizziness, famtmg, pallor, 
convulsions 

2 

100 

150/70 

5-15 

100/46 

Dizzmess, fainting, pallor, 
convulsions 

6 

76 

145/30 

30-50 

140/30 

Faintness, blurring of vi- 
sion, convulsions 


AFTER NOVOCAINIZATION 


PATIENT 

Resting 

1 

1 

Pressure on carotid smus 


Heart rate 
per minute 

Arterial 

blood 

pressure 

Heart rate 
per minute 

Arterial 

blood 

pressure 

S>mptoms and signs 



mm Hg 


mm Hg 


1 

80 


76 

116/? 

No dizziness, fainting, pal- 
lor or convulsions 

2 

100 

156/70 

100 


No dizziness, famtmg, pal- 
lor or convulsions 

6 

80 

150/42 

80 

1 144/42 j 

No faintness, blurring of 
vision or convulsions 



Fig 18 Case 2 Electrocardiogram Lead II A, B and C represent contmuous trac- 
ing Vertical white Imes in A and C mdicate beginning and end of pressure on the nght 
carotid smus after novocaine block Figure 7 shows the effect of right carotid sinus 
pressure in this same case before novocaine block 
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novocaine around the carotid artery low in the neck Both these 
procedures had no effect on the reflex i 

(/) The ejfecl of unilateral section of the intercarohd nenc In case 1 
suffering from fainting attacks, in whom a small localized, sharply 
circumscribed tumor pressed on the right sinus, surgical removal of the 
tumor and section of the intercarotid nerve was performed Before 
operation, pressure on the right sinus caused fainting and convulsive 
seizures, associated with marked slowing of the heart rate and fall in 
blood pressure (fig 11 and chart 1), stimulation of the left sinus was 
ineffective The observations during and after operation afforded an 
opportunity to study the effect of section of the nerves of a hypersensi- 
tive sinus The operation, performed by Dr Tracy J Putnam, was 
done under novocame anesthesia, preceded by morphine and hyosane 
The sinus was exposed and a small soft mass removed The sinus and 
the artery above and below were then stnpped, thus assuring sever- 
ance of the carotid nerve Following denervation of the sinus, there 
was an immediate sharp nse m the blood pressure which persisted for 
about 36 hours After the carotid sinus was stripped, pressure on it 
did not chat the usual reflex The nght vagus was identified at opera- 
tion and stimulated repeatedly by pinching, there was no slowing of 
the heart or fall in blood pressure or any of the symptoms which had 
previously been observed from pressure on the carotid sinus Im- 
mediately after the operation, numerous extrasystoles were noticed 
These persisted for a day, after which the pulse became totally irregu- 
lar An electrocardiogram at this time showed auricular fibrillation 
(fig 19), which persisted for 7 days The heart rhythm then returned 
spontaneously to normal (fig 20) The outstanding changes during 
and following the operation are shown in chart 3 
In addition to the direct section of the intercarotid nerve, we have 
had opportunity to observe the effect of the unilateral section of the 
glossopharyngeal nerve dose to its entrance into the medulla In a 
patient aged 61, who suffered from caranoma of the tonsil, m order 
to relieve the pain the right glossopharyngeal nerve close to the 
foramen of exit inside the dura was cut by Dr Donald Munro Avertm 
and local novocaine anesthesia was used The average blood pressure 
before the section was 95 mm systolic and 65 mm diastolic Within 
5 mmutes after the section the blood pressure rose to 175 systolic and 
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100 diastolic In the course of about 40 minutes this pressure grad- 
ually returned to a level of 115 systohc and 75 diastohc The pain 
was completely relieved and examination following operation revealed 
complete ninth nerve anesthesia As the mtercarotid nerve usually 
enters the brain stem mainly through the glossopharyngeal nerve, 
this observation indicates that sectioning of the ninth nerve close to 
the brain stem may result m vasomotor reaction In another case 



Fig. 19 Case 1 Electrocardiograms Leads I, II and HI Auricular fibrillation 
developing 2 days after section of the nght mtercarotid nerve Electrocardiogram m 
this case before operation shown in figure 11 


LI 


2 


3 


Fig 20 Case 1 Electrocardiograms Leads I, II and m Spontaneous return to 
normal rhythm 7 days after the onset of auricular fibnllation 

m which caranoma of the tongue existed, section of the glossopharyn- 
geal nerve for rehef of pain resulted also m a vasomotor response, but 
other comphcating factors make the evaluation of this section un- 
certain 

(g) Dilafahoii of the cerebral vessels with histamine, acetylcholine and 
carbon dioxide These substances are dilators of the cerebral vessels 
(22) (23) (24) In 3 of the patients (cases 2, 3 and 11) who showed 
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the sinus reflex markedly, we gave inhalations of 10 per cent carbon 
dioxide and 90 per cent oxygen until a marked degree of hypeipnea 
with flushing of the face was attained At this time, pressure on the 
carotid sinus brought on the reflex changes as pronouncedly as before 
In 2 of these patients (cases 2 and 3) infusions of histamine and 
acetylcholine intravenously did not abolish the reflex Finally, 
rmnute amounts of these drugs, greatly diluted with saline, were 



Chart 3 Case 1 The e0ect on blood pressure and cardiac rhythm of section of the 
right mtercaroUd nerve 


injected into the carotid artery on the side which showed the more 
sensitive reflex There resulted regularly a unilateral flushing of the 
face and sensation of smarting m the head At the height of this 
effect, the needle was withdrawn and pressure was immediately 
applied on the carotid smus The reflex changes followed as before 
Thus the reflex was umnfluenced even under ideally arranged cerebral 
artenal vasodilatation 
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III DISCUSSION 

A The evidence that the clinical manifestations are due to a hypersensitive 
carotid sinus reflex and not to direct vagal stimulation 

The following evidence supports definitely the belief that the chnical 
manifestations presented are due to overactive carotid sinus reflex 
and not to direct vagal stimulation {a) Of the 15 patients, all except 
2 (cases 4 and 7) complained of attacks of spontaneous dizziness 
and fainting, and m all 13 cases these, and severer symptoms, were 
mduced with regularity by pressure on the carotid sinus Further- 
more, the patients, without exception, stated that the nature of the 
spontaneous fainting, including the character of the aura, was identical 
with the mamfestations of the mduced attack (h) In 4 cases, turn- 
ing the head m a certain direction mduced dizziness and famtmg In 
1 of these cases, in which a metastatic carcinomatous node pressed 
directly on the sinus, the changes in heart rate and arterial blood 
pressure followed regularly a turn of the head (c) Fainting and 
convulsions were induced by pressure on the sinus, whereas complete 
compression of the common carotid artery and fiirm pressure on the 
vagus trunk just below the sinus failed to induce the symptoms and 
the characteristic changes m the cardiovascular system Compres- 
sion of the carotid artery below the sinus with pressure on the vagus 
trunk resulted, on the contrary, m a moderate elevation of the heart 
rate (fig 21) and blood pressure, presumably because of the lowered 
intrasinal pressure In the presence of aneurysm of the sinus, slight 
localized touching of the skin over the median portion of the aneurysm 
resulted in a slowing of the heart and a faU in the blood pressure Such 
a gentle and superficial manipulation at an appreciable distance from 
the vagus could not stimulate this nerve directly {d) Unilateral 
novocainization of the sinus abohshed the reaction ipsolateraUy, but 
pressure on the opposite sinus continued to ehcit a response Simi- 
larly, cutting the intercarotid nerve, in one case, resulted in complete 
recovery of the patient and abolition of the reaction (e) Novocaim- 
zation of the vagus trunk below the sinus did not abolish the reaction 
of the ipsolateral sinus In 1 case mechanical stimulation of the 
vagus exposed surgically failed to induce the typical reaction (/) 
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Minute amounts of atropine administered centrally into the internal 
carotid artery abolished the reflev ipsolaterally but not contralateraJly 
The question now naturally arises whether cardiac slowing is ever 
caused by mechanical stimulation of the vagus in man This question 
can not yet be answered with absolute certainty, but the bulk of 
evidence to be enumerated strongly suggests that cardiac slowing 
practically never, or rarely, occurs from mechanical pressure over the 
unexqiosed vagi In animals, Bering (25) has found the vagi com- 
paratively ine\citable to mechanical stimulation He pointed out 
that pressure applied over the vagus just below the sinus, with occlu- 



Eio 21 Case 14 Electrocardiogram Lead I A,B,C and D represent continuous 
tracing Vertical white lines in A and B indicate beginning and end of pressure on the 
right carotid artery Jr/oui the sinus Note the slight speeding of the pulse following begin 
nmg of pressure, and the slowing following the end of pressure 

Sion of the carotid artery, produces tachycardia and vascular constric- 
tion as a result of fall in pressure within the sinus In man, both 
in health and in disease, pressure below the sinus, however firm, has 
seldom in our experience resulted in cardiac slowing or fall in blood 
pressure In the very rare instances in which temporary brady- 
cardia has been observed by some, we beheve that it probably resulted 
from traction on the sinus Sollmann and Brown (26) have shown 
that the caudal traction upon the central end of the divided carotid 
artery induces bradycardia in animals It is sigmficant that in none 
of our cases with hyperactive sinus reflex did we observe cardiac slow- 
ing when pressing firmly against the vagus or the carotid artery If 
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ni DISCUSSION 

A The evidence that the clinical manifestations are due to a hypersensitive 
carotid sinus reflex and not to direct vagal stimulation 

The following evidence supports definitely the belief that the clinical 
manifestations presented are due to overactive carotid sinus reflex 
and not to direct vagal stimulation (a) Of the 15 patients, all except 
2 (cases 4 and 7) complained of attacks of spontaneous dizziness 
and fainting, and in all 13 cases these, and severer symptoms, were 
induced with regulanty by pressure on the carotid sinus Further- 
more, the patients, without exception, stated that the nature of the 
spontaneous fainting, including the character of the aura, was identical 
with the manifestations of the induced attack (fl) In 4 cases, turn- 
ing the head in a certain direction induced dizziness and fainting In 
1 of these cases, in which a metastatic carcinomatous node pressed 
directly on the sinus, the changes m heart rate and arterial blood 
pressure followed regularly a turn of the head (c) Fainting and 
convulsions were induced by pressure on the sinus, whereas complete 
compression of the common carotid artery and firm pressure on the 
vagus trunk just below the sinus failed to induce the symptoms and 
the characteristic changes in the cardiovascular system Compres- 
sion of the carotid artery below the sinus with pressure on the vagus 
trunk resulted, on the contrary, in a moderate elevation of the heart 
rate (fig 21) and blood pressure, presumably because of the lowered 
intrasmal pressure In the presence of aneurysm of the sinus, slight 
locahzed touching of the skin over the median portion of the aneurysm 
resulted in a slowing of the heart and a fall in the blood pressure Such 
a gentle and superfiaal mampulation at an appreciable distance from 
the vagus could not stimulate this nerve directly (d) Unilateral 
novocaimzation of the sinus abolished the reaction ipsolaterally, but 
pressure on the opposite sinus continued to elicit a response Simi- 
larly, cutting the intercarotid nerve, in one case, resulted in complete 
recovery of the patient and abolition of the reaction (e) Novocaim- 
zation of the vagus trunk below the sinus did not abolish the reaction 
of the ipsolateral sinus In 1 case mechamcal stimulation of the 
vagus exposed surgically failed to mduce the typical reaction (/) 
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Minute amounts of atropine administered centrally into the internal 
carotid artery abolished the reflex ipsolaterally but not contralaterally 
The question no^v naturally anses whether cardiac sloiving is ever 
caused by mechanical stimulation of the vagus m man This question 
can not yet be answered with absolute certainly, but the bulk of 
evidence to be enumerated strongly suggests that cardiac slowing 
practically never, or rarely, occurs from meclianical pressure over the 
unexposed vagi In animals, Hering (25) has found the vagi com- 
paratively inexcilable to mechanical stimulation He pointed out 
that pressure applied over the vagus just below the sinus, with occlu- 



Tig 21 Ca«e 14 Electrocardiogram Lead I A, B, C and D represent continuous 
traang Vertical white lines m A and B indicate beginning and end of pressure on the 
nght carotid artery below the sinus Note the slight speeding of the pulse following begin- 
ning of pressure, and the slowing following the end of pressure 

Sion of the carotid artery, produces tachycardia and vascular constric- 
tion as a result of fall m pressure within the sinus In man, both 
in health and in disease, pressure below the sinus, however firm, has 
seldom m our experience resulted in cardiac slowing or fall m blood 
pressure In the very rare instances in which temporary brady- 
cardia has been observed by some, we believe that it probably resulted 
from traction on the sinus Sollmann and Brown (26) have shown 
that the caudal traction upon the central end of the divided carotid 
artery induces bradycardia in animals It is significant that in none 
of our cases with hyperactive sinus reflex did we observe cardiac slow- 
ing when pressing firmly against the vagus or the carotid artery If 
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the manifestations were due to primary or assoaated hypersensitivity 
of the vagus, bradycardia would have been prone to develop m these 
cases 

A few observations on the mechamcal stimulation of the exposed 
vagus trunks m man are available lacobovici, Nitzescu and Pop 
(27) found in 1 case that stimulation of the peripheral end of the 
divided vagus was without effect, while stimulation of the central end 
resulted in cardiac slowing They concluded, therefore, that the 
cardiac slowing was the result of a reflex rather than of direct stimula- 
tion They nghtly emphasized, however, that the degree of pressure 
necessary to induce cardiac slowing was far m excess of that applied 
chmcally in the “vagus pressure” tests Hill (28) stimulated mechani- 
cally, with the aid of dissecting forceps, both the carotid sinus and the 
vagus in 20 cases operated upon for carcinomas and other lesions of 
the neck This study is of himted value, however, because a general 
anesthetic was used Of 13 cases under ether anesthesia, none showed 
any response to sinus stimulation, and only 1 responded to vagal 
stimulation Two cases under chloroform yielded responses to sinus 
stimulation, and 1 to vagal stimulation Of 5 cases under gas and 
oxygen, 3 gave responses to sinus or to vagal stimulation, or to both 
We observed the effect of direct stimulation of the exposed vagus m 2 
cases with hyperactive sinus, and found that sloivmg of the heart rate 
occurred in 1 case but not in the other It is obvious that local pinch- 
ing of a nerve trunk with a metal instrument is not comparable with 
the techmque of the chmcal vagus test It has been indicated (29) 
that the cardiac slowing induced by digitalis is due in part to a reflex 
rather than to local stimulation of the vagus endings Thus motor 
stimulation of the vagus depends, at least in the majority of instances, 
on reflex stimulation 

Cases with responses such as those descnbed m this communication 
are not observed frequently, and they represent only a very small 
percentage of patients who suffer from fainting The cases studied 
have been gathered from a large amount of chmcal material over a 
period of 3 years Our studies indicate that fainting observed in the 
patients with sensitive carotid sinus reflex has no relation to postural 
hypotension. None of the cases studied exhibited postural hypoten- 
sion, and contranwise 3 cases, not reported here, with pronounced 
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postural hypotension and fainting on standing, failed to show any 
symptoms or changes in the cardiovascular system following pressure 
on the carotid sinus 

A search through the literature for evidence that convulsions and 
fainting may result from an overactive carotid sinus reflex revealed the 
following information Czermak (3) in his short but important 
communication m 1866, reporting observations on himself, mentions 
that pressure over the left side of his neck produced but transient slow- 
ing of his heart rate, while pressure over the right side caused more 
persistent cardiac slowing and sensations of vertigo and faintness 
He also remarked that over the right side, where tlie presssure 
induced this maximal effect, he palpated a small nodule next to the 
bulbous dilatation of the artery On the left side no such nodule was 
felt Czermak did not mention whether he suffered from spontaneous 
fainting One of the cases that we observed seems very similar but 
the responses were much more intense and the removal of the node 
and section of the intcrcarotid nerve stopped the seizures at once 

Roskam (30) in 1930 reported the case of a man who had a carotid 
sinus so sensitive that the slightest pressure over it would preapitate 
syncope and violent convulsions Shaving over that area, or putting 
on a tight collar, would bring on the seizure This case is somewhat 
smiilar to case 15 observed by us Nathanson (31) has reported 
recently electrocardiographic and pharmacologic observations on a 
man 70 years of age, m whom slight compression of the nght carotid 
sinus repeatedly elicited a cardiac standstill of 7 to 9 seconds’ duration 
The subject suffered from mild anginal attacks, but no statement is 
made as to whether he ever suffered from spontaneous fainting attacks 
The cardiac standstill was abohshed by epmephnn and atropine 
Ephednne calcium gluconate and caffeine had no significant effect 
Other cases must have been observed, for clmiaans of the past warned 
agamst pressure “on the vagus ’’ Until recently, however, no cor- 
relation has been made between symptoms and the circulatory mech- 
anism 


B Types of cardiovascular responses 
In the patients with fainting and convulsions, three mam types of 
cardiovascular reaction were associated with the symptoms and signs 
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resulting from pressure on the carotid sinus (a) marked asystole or 
sudden slowing of the pulse, with or without marked fall in the arterial 
pressure, (i) marked fall m the blood pressure without essential cardiac 
slowing, (c) marked paling of the face followed by intense flush but 
without essential slowing of the heart rate and without fall in the 
arterial blood pressure Combinations of these types also existed 

The explanation of the fainting and convulsions on the basis of 
cerebral ischemia in the first two groups with very slow heart rate 
and sudden fall m arterial pressure seems obvious The fainting and 
convulsions in the third group are rather remarkable and of special 
importance, as these cases showed no striking changes m the heart or 
m the general arculation In view of the fact that observations by 
Heymans (7) suggest a special connection between stimulation of the 
carotid sinus and changes in cerebral vessels in animals, that the 
patients studied by us exhibited constriction of the facial vessels, as 
indicated by pallor without fall in the systemic blood pressure, and 
that previous studies have demonstrated a close relation between the 
responses of the faaal and the cerebral blood vessels (22), one can 
justifiably assume that in tins third group of cases the fainting is 
produced by sudden clianges m the cerebral vessels as a result of 
stimulation of the carotid sinus The character of the vascular change 
IS probably constriction, followed by dilatation of the cerebral vessels 

Thus, as far as the efferent portion of the carotid sinus reflex is 
concerned, the vagus nerves of the heart and the vasomotor nerves of 
the splanclimc and cerebral blood vessels represent the three mam 
efferent cardiovascular nerve pathways of the reflex That the 
systemic hemodynamics have an important bearing on the fainting 
is shown also by the more prompt appearance of fainting while the 
patient was standing than when he was in the recumbent position 
Patients who at times did not faint while lying down, did so when 
standing 

Following stimulation of the sinus, the factors which determine the 
predominant changes in the heart or in the splanchnic or cerebral 
vascular area are not entirely clear, although it appears that the 
sensitivity of the vascular areas of organs involved has an important 
bearing Patients with marked cardiac slowing were elderly persons 
usually with some degree of coronary arterial disease Hermg (6) 
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and Heymans (7) attnbute hypersensitivitj of the carotid sinus reflex 
to local pathology in the sinus Danielopolu (32) beheves that such 
a reflex is due to an abnormal state of the organs giving the marked 
response The patients vho exhibited primarily a fall m blood pres- 
sure shon ed some degree of arterial hj'pertension The patients with 
fainting but ivithout changes in the heart or penpheral vascular 
system vere suffering from unstable central vasomotor system with 
psychologic responses of a neurosis Accordingly, m the hyperactive 
state of the reflex, the condition of the efferent end-organs as well as of 
the afferent end-organ — t e , the morphologic condition of the sinus — 
plays an important role Such a state of affairs is not unique with 
the carotid sinus reflex alone, for it exists m other pathologic reflexes 
That the hyperactive carotid reflex is not alw ays caused by orgamc 
changes in the sinus or end-organs is shown by the behavior of young 
patients who exhibited temporary hyperactivity with fainting In 1 
patient who returned to the hospital ward several times, the sensitivity 
of the reflex appeared to have some relation to the menstrual cycles 
The effect of epinephnn in temporarily abolishing the symptoms 
and signs associated with any of the three types of cardiovascular 
reaction was to be expected, for epinephnn increases the cardiac out- 
put considerablj , it stimulates the accelerator nerves and hence coun- 
teracts vagus stimulation, and in addition it has a direct constnctor 
effect on the vascular system including the vessels of the human brain 
(33) Each of these epinephnn effects would result m an absolute or a 
relative increase in blood flow through the brain Atropine, on the 
other hand, abohshed fainting only in those cases in which this de- 
pended on asystole or slow cardiac rate from reflex vagus stimulation 
The fact that the fainting and convulsions due to a primary fall m 
the blood pressure, or to an assumed primary cerebral vascular change, 
were not prevented, indicates that in these vascular areas the responses 
set up by sinus stimulation travel in the sympathetic rather than in 
the parasjmpathetic channels This is of interest for it is know n that 
certain vasodilator mechamsms, such as are stimulated by acetyl- 
choline, are abohshed by atropme (34) 

The finding that the intracarotid administration of atropme in 
amounts so small as to have no systemic effect ahohshed the resjxinse 
of the reflex ipsolaterallj , but not contralaterally, is of sigmficance 
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It indicates that at least some of the central synapses of the reflex can 
be interrupted by the action of atropine The observations also 
demonstrate definitely that atropine has a central action, and under 
conditions described such a central action in man can be separated 
from the peripheral action These findings, as well as observations on 
the effects of the intracarotid administration of histamine and acetyl- 
choline, indicate that substances injected into the internal carotid 
artery exert an action mainly on the same side of the brain — appar- 
ently the cross current of the cerebral circulation in man, if both 
carotids are patent, is not significant 

The cerebral dilatation induced by histamine, acetylcholine or 
carbon dioxide failed to influence the attacks of syncope m any of the 
three t)TDes of cases The fact that, in cases without cardiac slowing 
and fall in blood pressure, pallor of the face followed instantaneously 
the pressure on the sinus, indicated that the constrictor effect of the 
efferent vasomotor nerve impulses set up by the stimulated sinus was 
a more powerful antagonist of the chemically induced vasodilatation 

C Changes ^n the tniracardiac conduction and rhythm 

The electrocardiographic studies demonstrated in an impressive 
manner the intense intracardiac derangement that may result in man 
reflexly Such changes as complete asystole were induced reflexly 
Similarly premature beats and varjnng degrees of block between the 
auncles and ventricles have been observed There also developed 
changes in the ventricular complexes and m the character of the T 
wave. In one instance temporary auricular fibrillation followed 
unilateral section of the mtercarotid nerve The most frequent find- 
ings were charactenzed by impairment of the conduction and of the 
cardiac functions These changes, however, are not the only effects 
of the carotid sinus reflex on the human heart We have observed 
m other instances, not reported here, instantaneous disappearance of 
auricular or ventricular paroxysmal tachycardias, or temporary 
changes of nodal rhythm to sinus rhythm. Freundlich (35) has re- 
cently reported 2 cases with arculatory failure in which the bundle 
branch block disappeared temporarily while pressure was applied, and 
later, with general improvement of the arculation, disappeared 
permanently. These observations demonstrate what a marked degree 
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of functional alteration may occur in the mtracardiac conduction and 
cardiac function, furthermore, and this is quite remarkable, they show 
that these deep-seated changes can be induced refledy through afferent 
stimulation of brain centers That cardiac arrhythmias in man can 
also occur from direct stimulation of brain centers is demonstrated by 
the temporary arrhythmias observed by us following fracture of the 
skull and cerebral injunes (36) 

The fact that atropine abolished the appearance of all types of 
cardiac irregularities and disturbances in the mtracardiac conduction 
induced by stimulation of the sinus indicates that these cardiac reflex 
changes were induced through alteration m the vagal tone Observa- 
tions, by De Graff and Weiss (37), of cases with complete heart block 
indicate that the direct vagus control in man involves mainly the 
auricles, and that the vagi have but shght direct influence over the 
ventncles As far as the coronary blood vessels are concerned, these 
receive innervation through the coronary plexus from the vagi as well 
as from the accelerator nerves (38) The changes observed through 
sinus stimulation must depend, therefore, on the combined functional 
effect on the vagus, the auricles, and the coronary blood vessels 
Milder reflex stimulation of the vagi, particularly in tachycardia and 
bundle branch block, influences the auricular conduction system 
and the coronary arculation in such a manner that improvement m 
the cardiac nounshment and function or complete return to normal 
mechanism takes place In the presence of hyperactive reflex, on 
the other hand, powerful stimulation of the vagus results in apparently 
the opposite effect, namely, severe disturbance of the cardiac function 
Thus the basis of an “amphotropic” action of the sinus nerve lies not 
in the difference m action or mechanisms, but rather m the difference 
in intensity of the reflex, as well as in the state of nerve structure, 
conductive system and coronary vessels of the heart 

D Adams-Slokes syndrome of reflex origin 
The repeatedly induced A-V block with fainting and convulsions 
after stimulation of the sinus definitely establishes a neurogenic type 
of Adams-Stokes syndrome The theory that the vagus is responsible 
for the Adams-Stokes syndrome was first suggested by Charcot (39), 
following the classical demonstration of the inhibitory effect of the 
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vagus on the heart by the celebrated Weber brothers in 1850. With 
the discovery of the conductive system of the heart in the beginning 
of the present century, however, primary structural and functional 
changes within this system were held to be responsible for the syn- 
drome (40) As such anatomic lesions were actually found postmor- 
tem in a number of cases of complete heart bloclc, and as cases of 
vagus origin, on tire other hand, were not demonstrated with tire aid 
of precise measurements, the organic theory has become strengthened, 
and the nervous theory has gradually faded Although in the cases 
reported by Hay (41), Lutcmbacher (42), Gallemaerts (43), Stalling 
(44), Flaum and Khma (45), the r61e of the vagus m piecipitaling 
Adams-Stokes attacks is suggestive or clear, the exact r61c of the 
nervous mechanism was not established In the cases studied by 
Flaum and IClima and in the one studied by Stalling, we are dealing, 
apparently, with attacks of Adams-Stokes syndrome of vagovagal 
origin In the rare cases of complete block with Adams-Stokes 
syndrome observed by us (36), in which complete block developed 
rhythmically in association with Cheyne-Stokes breathing, we are 
probably dealing with another type of vagus reflex L6pinc (46) 
reported a case m whiclr compression of the pons and the medulla 
oblongata was held responsible In Boyd’s case (47) luetic lesions 
of the fourtlr A'cntricle were considered etiologic Brissaud (48) 
claimed that the presence of gumma m the ceiebellar peduncle and m 
Neuburger and Edinger’s patient (cited in (45)) varix m the medulla 
was related to the Adams-Stokes attacks These case reports give 
suggestive evidence that in rare instances lesions of the medulla may 
precipitate Adams-Stokes attacks It seems probable, therefore, 
that just as in the cases of carotid sinus origin, so with the central and 
othernervous lesions it is always the overactive reflex, rather than local 
lesions of the vagus, that acts as a trigger in the precipitation^of 
Adams-Stokes attaclcs 

In practically all cases reported in the literature and observed by us, 
evidence of cardiac pathology, particularly of the sclerotic type, was 
present One may justifiably conclude, therefore, that if Adams- 
Stokes syndrome is caused by extracardiac nervous factors, this is 
usually a hyperactive reflex in which the cardiac efferent end-organs, 
and the afferent nerve endings m the sinus or the medullary centers 
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of the reflex Tlone or combined, arc also diseased That the abnormal 
carotid smus reflex and not the cardiac pathology played a dominant 
r61c m these cases is slioum by the fact that complete block developed 
although no partial block preexisted, and contrariivise, in cases 
with unusually marked partial heart block, stimulation of the normal 
carotid sinus reflex failed to induce complete block or Adams-Stokes 
attacks (cf figs 2 and 3) Attention is also called to the fact that, 
on the basis of our obsen'ations, the fainting and convulsions in 
Adams-Stokes syndrome do not alu ays depend solely on the temporary 
complete arrest of the chambers of the heart before the change in the 
rhythm At times the cliange in rhythm may be sudden and con- 
vulsions absent Tall in blood pressure as part of the carotid smus 
reflex can play a predominant role in convulsions In some of our 
cases the convulsions came on after the block was estabhshed In 
another tyTDC of Adams-Stokes attacks the fainting and convulsions 
depend entirely on the relative slowing of the heart m complete block 
De Graff and Weiss (37) reported a case with permanent A-V block 
m which such attacks occurred whenever the heart rate fell to 12 or 
below per minute 

E The cerebral circulalwn and coimihwns 

One of the ongmal aims of study was to shed light on the interrela- 
tion between changes m the cardiovascular sy'stem and the occurrence 
of fainting and convulsions Satisfactory observations on this rela- 
tionship are not available, mainly because syncope and convulsions 
usually develop unexpectedly, and they could not be induced with 
regulanty The type of condition desenbed, on the other hand, has 
lent itself ideally to such a study It has been shown that in associa- 
tion with complete asystole, fainting and convulsions developed 
regularly watlim 12 seconds with the body m the horizontal position 
The usual time required was 8 seconds In a number of instances, 
especially when the stimulus of pressure was more intense, the loss of 
consciousness was almost instantaneous and the convulsions occurred 
as early as 5 to 6 seconds It is probable that m these latter cases, m 
addition to changes m the systemic arculation, direct alterations in the 
cerebral blood vessels also played a role This contention is supported 
by the fact that syncope occurred as early as 8 seconds in cases with 
no essential fall m the artenal pressure and with no cardiac slowmg 
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During the statevof asystole there obviously existed a decreased 
blood flow through the brain Measurements of the cardiac output 
and velocity of blood flow also indicated that during the state of syn- 
cope and convulsions the systemic blood flow was distinctly dimin- 
ished Similarly, the study of artenal and internal jugular blood 
indicated a decrease flow through the brain The observation that, 
as result of diminished sensitivity of the reflex, fainting and con- 
vulsions occurred m the upnght position, but not m the honzontal 
position of the body, also indicates that cerebral ischemia played 
a significant role m the attacks On the other hand, the absolute 
values of the systemic or cerebral blood flow during fainting and con- 
vulsions were not outstandingly low They were certainly not lower 
than the values observed in the presence of heart disease without 
convulsions It is to be remembered, however, that the values for 
blood flow obtamed represent average values during a period of 30 
to 60 seconds The greatest decrease m the cerebral or systemic flow 
occurred very probably in the first part of the period when the stimu- 
lation was applied This conclusion is also supported by the observa- 
tion that pallor of the face with or without cardiac slowing occurred 
immediately after the stimulation, and that often simultaneously 
with, or even before the onset of convulsions, an intense flush fol- 
lowed the pallor The cardiac slowing, hkewise, was maximal imme- 
diately after the stimulation, and often by the time, or even before 
the convulsions set in, the heart rate increased considerably All 
these observations strongly suggest that m the development of syncope 
and convulsions, not so much the absolute degree of ischemia as the 
time element of change from a normal state to an tschemtc state plays a 
dominant role Once this temporary but sudden ischemic state 
develops, a sequence of events is set up within the brain which then 
proceed independently to the development of convulsions, even if a 
hyperemia promptly follows the ischemia That the time element 
and the relative changes in the cerebral circulation play a dominant 
role in the development of other cerebral symptoms also has been 
demonstrated by one of us m studying the cerebral circulatory changes 
leading to headache It has been shown that sudden constriction as 
well as sudden dilatation of the cerebral blood vessels m man induces 
headache, but the same degree of vascular change induced slowly is 
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not -issoaated with headache (33) Thus as with headache, so with 
fainting and convulsions, and probably with other cerebral symptoms 
and signs, it is not so much the absolute degree of alteration in the 
cerebral circulation as the rate (time element) of arculatory changes 
that plays a fundamental etiologic r61e Whether in addition to the 
cerebral circulation direct nerve stimuli from the smus to the cerebral 
cells plays a r61e in the convulsions descnbed is not known The 2 
cases avitli penodic hyperactivity of the smus suggest that chemical 
substances or psychic states may have an important beanng on con- 
vulsions In several instances mtli mild stimulation of the smus we 
vere able to prevent the attack by asking the patient questions in a 
loud tone 

F The relation between conetilstons due to hyperacltiie carotid sinus 
reflex and epilepsy 

The connection between the carotid sinus and convulsions naturally 
raises the question of relationship between the carotid smus and epi- 
lepsy in general If a close relationship existed, epilepsy would be 
approachable through surgical measures In 1 case with fainting and 
convulsions, such a surgical denervation of the carotid sinus did 
indeed result in complete recovery On the other hand, in 150 cases 
of epilepsy Lennox was unable to induce convulsions by pressure over 
either of the carotid sinuses (49) Damelopolu (SO) m a recent 
communication claims that in the complicated vicious arcle that 
leads to convulsions in epilepsy the carotid smus reflex may be one 
of the many factors playing a role He suggests a complex operative 
procedure consisting in section of both carotid nerves, cervical sympa- 
thectomy, section of the vertebral nerves and of the communicating 
branches between the stellate ganglion and the vagus, and in addition 
section of the nght vagus trunk below the recurrent laryngeal nerve 
As to the beneficial effect of such an operation, however, he offers no 
definite proof One must, therefore, caution against such procedure, 
lest false hopes may again be raised temporarily in this dread disease 
Our observations clearly demonstrated that the syndrome discussed 
by us IS a specific one While convulsions and any reflex can be 
influenced to a certain extent by other reflexes, by chemical substances, 
and by psychic processes m general, we have emphasized that m the 
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cases studied, the other reflexes showed no abnormahty, and contrari- 
wise, in cases with postural hj^otension the carotid sinus reflex was 
normal and had no relation to this condition We believe, therefore, 
that at present the evidence is such that section of the intercarotid 
nerve is indicated only in cases where the carotid sinus reflex is 
abnormal or where local disease of the sinus exists Before under- 
takmg surgical procedures, the existence of such a state should be 
determined by study of the individual patient 

G The carotid sinus and arterial hypertension 

The experimental studies of Koch, Mies and Nordmann (51), 
He 3 Tnans (7), Wright, Kremer and Scarff (52) have demonstrated 
that following removal of the intercarotid and aortic nerves in animals 
chronic arterial hypertension develops In rabbits, in addition to 
the hypertension, degeneration and calcification of the media of the 
aorta and, to lesser extent, of other vessels develop As a result of 
these significant observations, and because of the powerful depressor 
effect of these nerves on the vascular bed, it has been suggested m the 
past that the insuffiaent or absent function of the intercarotid nerve 
may be responsible for the development of arterial hypertension in 
man Hering (6) was the first to suggest that atheromatous changes 
m the media and adventitia of the aorta and sinuses may interfere 
with transmission of the intravascular pressure to the sensory nerve 
endings Under such conditions the neri^e endings may contmue to 
respond to direct external mechanical stimulation, and yet endosinal 
pressure changes would result in but slight or no reflex response 
That atheromatous changes m the sinus are not necessarily assoaated 
with degeneration of the nerve endings has been shown by the careful 
histologic studies of Sunder-Plassmann (10) Hasselbach (53) studied 
the interrelation between structural changes in the sinus and arterial 
hypertension in man In 72 cases with 19 instances of probable 
hypertension he failed to observe a correlation between the degree 
of structural change in the sinus and the level of blood pressure 
Recently Keele (54) has reinvestigated this problem in 55 consecutive 
cases that came to postmortem examination. The age madence of 
the series varied from 7 to 79 years A study was made of the gross 
structural condition of the arch of the aorta, the bifurcation of the 
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mcoimnate, cominoa carotid and common iliac artenes, and speaal 
attention iras paid to the carotid smuses In 20 cases histo’ogic 
eiammation of the smuses tvas made fii e of these cases had shoini 
marked hypertensson dunng lue and 3 additional cases eshibited 
enlarged hearts mthont A-alAiilar disease and vnth normal b’ood pres- 
sure before death Keele failed to obsert e a relatiotuhip belveen the 
degree of degenerap\ e change in the smuses and the aorta and the 
lei d of the blood pressure. He observed that atheromatous lesion 
of the carotid smus is common, and is mainly rdated to age. Changes 
m the sinus vere iisuall\ assoaated nth similar degree of change in 
the aortic arch, the innominate and common ihac bifurcatioiis, and 
the uppc' end of the common carotid artery On chmcal examination 
of the structural characteristics of the smuses ive have frequently 
observed extensive calcification of the smuses vnth normal b’ood 
P’’essure, and contranmse, patients vnth vanous types of artenal 
hypertension frequently exhibited soft and normal snuses The 
evidence available at present does not favor the bdief that local 
patflo'ogy of the smus beats an important r61e m the causation of 
artenal hypertension in man. 

S Tie caro'id srus ref ex at d otlxr -asodeprasor r-ecixit tsn^ 

Whether the carotid sinus nerve and the depressor aortic nerves 
represent a functional entity, so lar as an afierent vasodepressor 
mechamsm is concerned, or whether they are but part of a more 
extensive afferent vasodepressor mechanism, can not at present be 
stated with any degree oi certamty Some dmical and experimental 
ootervations on artenovenous fistulas and aneurysms located m 
vanous parts of the boay strongly suggest the existence of such a 
widespread afferent vasodepressor system, at least potentially present 
m health, and actively present under pathologic conditions (35) 
Furthenrore, the efferent paths of the carotid sums reflex are often 
activated not only by' the afferent impulses set up within the smus, 
but also b, afferent unpulses of other medullary reSexes The follow- 
ing facts support such a contention 
It was pointed out that the mtercarotid nerve joins the glosso- 
pharyngeal nerve and often forms a commumcation with the vagus 
nerve also Thus the afferent impulses from the carotid smus reach 
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each of the sinuses induced dizziness and fainting together with con- 
vulsive seizures On mild stimulation the convulsive seizures de- 
veloped contralaterally A certain degree of quantitative correlation 
existed between the degree and duration of the pressure and the 
intensity of bodily response In 4 cases a sudden turn of the head 
induced dizziness and fainting 

5 In 6 of the 15 cases there was aneurysmal dilatation of one or 
both sinuses, in 3 cases a small tumor pressing on the sinus was found, 
and m the remaining 6 cases no gross abnormality was detected 
These morphologic changes bear directly on the hyperactive state of 
the reflex, but the}'’ are not the sole underlying cause of such hjqier- 
actmty, as cases with similar changes but without hyperactivity of the 
sinus were observed 

6 The hyperactivity of the sinus is usually permanent, but m 2 
cases it was recurrent 

7 Three mam tjqies of cardiovascular response were observed 
following stimulation of the sinus (a) marked asystole or sudden 
slowing of the heart rate, with or without marked fall in the artenal 
blood pressure, (b) marked fall in the arterial blood pressure, without 
essential cardiac slowing, and (c) changes m the cerebral circulation, 
without essential slowing of the heart rate and ■without fall in the 
arterial blood pressure 

8 A hjqieractive carotid sinus reflex can induce stnking changes 
in the intracardiac conductive system Partial and complete heart 
block, temporary asystoles of the ventncle with continued auncular 
contraction, nodal rhythm, ventncular extrasystoles, changes m the 
shape of the T waves and complete inversion of the electncal axis in 
the heart were induced through the reflex stimulation of the heart 

9 An explanation for the “amphotropic” effect of the carotid 
sinus reflex on the heart is offered 

10 The observations presented demonstrate that Adams-Stokes 
syndrome can be induced reflexly by stimulation of the hyperactive 
carotid sinus reflex In the precipitation of such attacks, local 
abnormality of the heart also plays a role 

11 Dunng stimulation of the h3rperactive carotid sinus reflex, the 
volume and velocity of the blood flow become decreased There is 
also a slo’wing of the blood flow through the brain, as indicated by 
blood gas studies 
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12 Epinephnn abolishes the cardiovascular responses and the 
symptoms of the hyperactive Teflex Paralysis of the parasympa- 
thetic nerve endings with atropine abolishes the cardiac but not the 
peripheral vascular changes Amounts of atropine which are without 
systemic effect can abolish the ipsolateral reflex when injected into 
the internal carotid artery, the contralateral carotid sinus reflex re- 
mains unaltered Local anesthesia of the sinus also abolishes the 
ipsolateral but not the contralateral reflex The central or systemic 
administration of cerebral vasodilator substances has no appreciable 
effect on the reflex That the carotid sinus reflex is a deep-rooted 
central function is shown by tlie fact that it is unaffected by depression 
of the central nervous system with luminal 

13 In 1 case, section of the intercarotid nerve abolished the spon- 
taneous fainting attacks In this case temporary arterial hyperten- 
sion of 2 days’ duration, with temporary auncular fibrillation, followed 
the section of the nerve 

14 Evidence is presented that the clinical symptoms and signs 
observed, as w ell as the clinical changes, arc due to stimulation of the 
sinus and not to direct motor vagal stimulation In the majonty of 
instances motor stimulation of the vagus in man is of reflex origm, 
rather than the result of direct stimulation of the motor vagus nerve 

15 Cases with aura, dizziness, famtmg and convulsions caused by 
hyperactive carotid sinus reflex afford an opportunity to study the 
relationship between the s>’stemic and cerebral circulation and these 
manifestations Observations presented indicate that the rate (tunc 
element) rather than the absolute deviation from the normal circula- 
tory state of the brain plays the primary r6Ie in the precipitation of 
fainting and convulsions A temporary sudden ischemia of even short 
duration sets up a sequence of events in the brain which then proceed 
independently to convulsions, even if a hyperemia promptly follows 
the ischemia 

16 Pharmacologic observations indicate that the substances enter- 
ing the human brain through one internal carotid artery supply 
mainly the ipsolateral hemisphere, there is no appreciable cross arcula- 
tion between the two heimspheres under normal conditions 

12 While convulsions can be caused by a hyperactive carotid 
sinus reflex, this type of response apparently plays no significant r61e 
m idiopathic epilepsy 
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18. Section of the carotid sinus nerve is advocated only in cases 
where specific hyperactivity of the carotid sinus reflex exists 

19 The relation of the hyperactive carotid sinus reflex to other 
vasodepressor mechanisms in man is discussed, and an explanation 
for the different types of bodily response to carotid sinus stimulation 
is offered 

We wish to express thanks to Drs Stanley Cobb and William G 
Lennox, for permission to study case 13 which we observed in 1929, 
to Drs Maunce and Frank Fremont-Smith, with whom we observed 
case 12; and to Dr Walter Burrage, who kindly referred to us case 15 
We are also indebted to Miss Rose Shore and Mr Cecil Goodwin for 
technical assistance 


V. SUMMARY OF CASES 

Case 1 This patient, a 64-year-old Russian seaman, entered the hos- 
pital complammg that one day, while working on a ladder, he had famted 
twice and fallen to the ground He recovered consciousness immediately, 
however, and felt perfectly well thereafter History was otherwise nega- 
tive Physical exammation show^ed moderately advanced, generalized 
artenosclerosis and slight enlargement of the heart to the left Blood and 
urme were normal Blood pressure was 144/72 Kahn test was negative 
Electrocardiogram showed upward convexity of ST in Lead I Overlying 
the right carotid smus was a small, firm, tumorous mass Pressure on this 
caused asystole, fall m blood pressure, famting and convulsions 

Case 2 This patient, a 64-year-old Irish wool mspector, entered the 
hospital complammg of havmg famted and fallen to the ground the evenmg 
of admission He gave no history of previous syncope He had been 
without work for a year and had had poor food and lodgmgs Exammation 
showed healed scars of pediculosis, skm lesions of pellagra, generalized 
artenosclerosis, and an enlarged heart Blood findmgs were those of 
hypochromic anemia Urme was normal Blood pressure was 178/90 
- g-p-hn -was positive Electrocardiogram showed mverted T in Lead I, 
ivith slight notchmg of R Both carotid smuses were dilated and thick- 
ened and pressure on either one caused cardiac standstill, fall m blood 
pressure, fainting and convulsions 
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Case 3 This patient i\as a 71-year-old Irish plasterer While doing 
some light i\ork around his house, he suddenly felt very dizzy and col- 
lapsed Consciousness ivas regained very quickly, but he felt weak and 
was brought to the hospital by ambulance There was no history of 
syncope previously Examination revealed generabzcd arteriosclerosis, 
slight cardiac enlargement, blood pressure 120/64 Blood and unne were 
normal Wassermann was negative There was a low take-off of the 
T wave in the electrocardiogram There was no demonstrable abnormality 
of the carotid sinuses, but pressure on cither one caused slight slowing of the 
heart, marked fall in blood pressure, fainting and convulsions 

Case 4 This patient, a SO-ycar-old colored laborer, gave a history of 
luetic infection and symptoms suggesting moderately advanced heart 
disease He had had no famting attacks Exammation revealed signs of 
aortic regurgitation and mild cardiac decompensation Blood and urme 
were normal Blood pressure was 140/0 Kahn was positive Electro- 
cardiogram was normal Pressure on his left carotid smus caused marked 
cardiac slowing, with upward convexity of ST in Lead I of the electrocar- 
diogram, but no fall in blood pressure, and no famting or convulsions 

Case 5 This patient was a 62-j ear-old American laborer, who had been 
admitted to the hospital three times in the preceding 4 months, always 
with complaints of attacks of weakness and dizzmess On the first admis- 
sion, It was found that he had a lead line m his gums, and his attacks were 
therefore explained on the basis of lead encephalopathy Physical examma- 
tion was otherwise negative, except for generalized artcnosclerosis Blood 
and urine were normal Blood pressure was 190/9S Kahn was negative 
He was given treatment designed to cause excretion of lead Later, when 
he returned, it was found that he had sclerosed carotid sinuses, pressure 
on the lelt of which caused asystole, fall in blood pressure, fainting and 
convulsions 

Case 6 This patient was a S6-year-old male negro, who 5 years ago 
began having dyspnea on exertion as well as frequent dizzy spells which 
ended in unconsciousness for from 3 to 5 minutes This continued for 
2 years “Blood test” then was positive, so he was given mtravenous 
treatment which improved him a great deal One and one-half years ago 
the spells of dizziness returned He entered the hospital for these attacks 
Examination showed an enlarged heart, signs of aortic regurgitation and 
Ruld cardiac decompensation Blood and urme were normal Blood 
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pressure was 150/30 Kahn was positive Electrocardiogram was essen- 
tially normal The carotid sinus on the left was enlarged and overlaid 
by several soft glands Pressure on this smus caused asystole, famtmg and 
coninilsions, but no fall m blood pressure 

Case 7. This patient, a 59-year-old American salesman, gave a history 
of heart disease, cardiac decompensation and auricular fibrillation, for 
which he had been given large doses of digitalis He entered the hospital 
complaming of green vision Examination showed an enlarged heart, 
generalized arteriosclerosis, and auncular fibrillation Blood and urine 
were normal Blood pressure was 168/90 Kahn was negative Electro- 
cardiogram showed auricular fibrillation, QRST complexes, normal Pres- 
sure on either carotid smus caused complete A-V block, the ventricle took 
up a slower regular rhythm with complete change m QRST complexes 

Case 8 This patient, a 21-year-old female of American birth, gave a 
history of famtmg spells and nervousness for 3 months, not associated 
with catamenia, food, or anythmg of which she was aware Exammation 
was essentially negative, and blood and urme were normal Kahn was 
negative Blood pressure was 114/66 Electrocardiogram was normal 
Pressure on the right carotid smus caused pallor and famtmg, but no slowmg 
of pulse or fall in blood pressure This sensitivity disappeared while the 
patient v^as m the hospital, but returned temporarily about 2 months after 
her discharge 

Case 9 This patient, a 14-year-old American boy, complained of 
famtmg attacks 2 hours before admission He had had similar attacks 
between the ages of 1 and 4 years He had rheumatic fever at the age of 9 
years Exammation showed signs of nutral stenosis with a well-compen- 
sated heart Pressure on the right carotid smus caused slowmg of the 
heart, pallor, and dizzmess, but no fall m blood pressure or unconsciousness 

Case 10 This patient, a 56-year-old American male, had been dis- 
charged from the hospital about a month before the present admission 
At that time, he showed definite cardiac hypertrophy and hypertension 
He returned because of the mabihty to speak more than a few words He 
was able to read and write, and showed no mental confusion There was 
no exndence of motor impairment Physical exammation revealed nar- 
rowmg and tortuosity of the artenes of the ocular fundi, enlargement of 
the heart, and blood pressure 175/110 Blood and urme were normal 
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Kahn was negative There was no gross structural change evident in either 
carotid sinus, but pressure on either caused slowing of the pulse, fall in blood 
pressure, fainting and convulsions 

Case 11 This patient, a 36-year old Irish housewife, first entered the 
hospital 8 jears ago, at which tunc she had acute rheumatic fever 
She gave a history of another attack at the age of 10 In the past 8 
jears, she has had dj’spnea on exertion, orthopnea, and infrequent fainting 
spells She always felt dizzy immediately before these attacks, and was 
alwajs able to fall so as not to hurt herself Unconsciousness usuallj 
lasted about 10 to 15 rmnutes There have never been convulsive move- 
ments during the attacks, so far as she knows Physical examination 
showed slight cardiac enlargement and a presystolic rumble and thrill at 
the apex Blood and urine were normal Kahn was negative Pressure 
over the right carotid sinus caused very slight slowing of the heart, fall in 
blood pressure, pallor and fainting 

Case 12 This was a man 74 years of age, who was seen m consultation 
by one of us (S W ) on March 12, 1932 He gave a history of dizziness 
and fainting attacks for the preceding month and a half These attacks 
always came on when he was sitting or standing In some instances they 
were preapitated by turning his head to the nght His past history 
revealed that he Ind had a growth on his right cheek and a gland in his 
right neck removed a year and a half previously Examination showed 
Argyll-Robertson pupils and Charcot knee (left) General examination 
otherwise was negative Blood Wassermann was negative, spinal fluid 
Wassermann strongly positive The right neck showed a scar from the 
operation, but no new palpable glands In the left neck, at the angle of 
the jaw, was a firm, non-tender mass about 2 cm m diameter Pressing 
this against the carotid artery caused marked slowing of the pulse, fall m 
blood pressure, and dizzmess Pressure on the nght carotid smus brought 
on the same changes 

Case 13 This patient, n 62 year old physician, was admitted to the 
hospital complaining of (a) mental fatigue and imtabdity of 3 years’ 
duration, and (i>) three spells of loss of consciousness during the past 3 
years Each of the attacks came on after considerable physical and mental 
exertion They were not preceded by aurae or accompanied by convulsive 
movements There was a questionable past history of tuberculosis 
Examination showed a man well preserved both physically and mentally 
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